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I. RECOMMENDATIONS FOR AN ETHYLENE DICHLORIDE STANDARD
The National Institute for Occupational Safety and Health (NIOSH) 
recommends that worker exposure to ethylene dichloride (1,2-dichloroethane) 
in the workplace be controlled by adherence to the following sections. 
Based on present information available to NIOSH the standard is designed to 
protect the health and safety of workers for up to a 10-hour workday, 40- 
hour workweek over a working lifetime; compliance with the standard should 
therefore prevent adverse effects of ethylene dichloride on the health and 
safety of workers. The standard is measurable by techniques that are 
valid, reproducible, and available to industry and governmental agencies. 
Sufficient technology exists to permit compliance with the recommended 
standard. The standard will be subject to review and revision as 
necessary.
"Occupational exposure to ethylene dichloride" is defined as exposure 
above half the time-weighted average (TWA) environmental limit.
Occupational exposure to ethylene dichloride requires adherence to 
all the following sections. Exposure at lower environmental concentrations 
will not require adherence to Sections 1, 2, 7(b), (c), and (d), and 4(a) 
except 4(a)(4).
Section 1 - Environmental (Workplace Air)
(a) Concentration
Occupational exposure shall be controlled so that no worker will be 
exposed to ethylene dichloride in excess of 5 ppm (20 mg/cu m) determined 
as a TWA exposure for up to a 10-hour workday, 40-hour workweek, or to peak
concentrations above 15 ppm (60 mg/cu m) as determined by a 15-minute 
sample. Unless future research shows it to be unnecessary, nursinsg 
mothers shall not work with ethylene dichloride.
(b) Sampling and Analysis
Procedures for sampling and analysis of workroom air for compliance 
with the standard shall be as provided in Appendices I and II or by any 
equivalent methods.
Section 2 - Medical
(a) Comprehensive preplacement and annual medical examinations 
shall be made available to all workers exposed to ethylene dichloride 
unless a different frequency is indicated by professional medical judgment 
based on such factors as emergencies, variations in work periods, and 
preexisting health status of individual workers.
(b) These examinations shall include, but shall not be limited to:
(1) A comprehensive or interim medical and work history.
(2) A comprehensive medical examination giving particular 
attention to cardiovascular, pulmonary, neurological, liver, and kidney 
functions.
(3) An evaluation of the worker's physical ability to 
safely wear a respirator.
(c) Proper medical management shall be provided for workers 
exposed to ethylene dichloride.
(d) Medical records shall be maintained for all persons employed 
in work involving exposure to ethylene dichloride. All pertinent medical 
records with supporting documents shall be maintained for 20 years after
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the individual's employment is terminated. The designated medical 
representatives of the Secretary of Health, Education, and Welfare, of the 
Secretary of Labor, of the employer, and of the employee or former employee 
shall have access to these records.
Section 3 - Labeling (Posting)
The following warning sign shall be affixed in a readily visible 
location on processing or other equipment, on ethylene dichloride storage 
tanks or containers, and at or near entrances to areas in which there is 
occupational exposure to ethylene dichloride:
ETHYLENE DICHLORIDE 
DANGER: FLAMMABLE
May generate toxic gases on contact 
with open flame, hot surfaces, or 
other heat-producing conditions. 
BREATHING VAPOR MAY BE 
HAZARDOUS TO HEALTH.
Keep containers closed when not in use. 
Use only with adequate ventilation. 
Avoid breathing of vapor.
Avoid contact with skin.
This sign shall also be printed in the predominant language of non- 
English-speaking workers. All employees shall be trained and informed of 
the hazardous areas with special instructions given to illiterate workers.
Section 4 - Personal Protective Equipment and Clothing
(a) Respiratory Protection
(1) Engineering controls shall be used wherever necessary 
and feasible to maintain ethylene dichloride concentrations at or below the
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prescribed limit. Compliance with the permissible exposure limits may be 
achieved by the use of respirators only:
(A) During the time period necessary to install or 
test the required engineering controls.
(B) For nonroutine operations such as brief exposure 
to concentrations in excess of the environmental limit for maintenance or 
repair activities.
(C) During emergencies when air concentrations of 
ethylene dichloride may exceed the permissible limit.
(2) When respirators are permitted by paragraph (1) of this 
section, a respirator program meeting the requirements of 29 CFR 1910.134 
and 30 CFR 11.2-1 shall be established and enforced by the employer.
(3) Only appropriate respirators as described in Table 1-1 
shall be used pursuant to the following requirements:
(A) For the purpose of determining the class of
respirator to be used, the employer shall measure, when possible, the 
atmospheric concentration of ethylene dichloride in the workplace initially 
and thereafter whenever process, worksite, climate, or control changes 
occur which are likely to increase the ethylene dichloride concentration. 
This requirement shall not apply when only supplied-air, positive pressure 
respirators are used.
(B) The employer shall ensure that no worker is
being exposed to ethylene dichloride in excess of the exposure limit
because of improper respirator selection, fit, use, or maintenance.
(C) The employer shall provide respirators in
accordance with Table 1-1 and shall ensure that the employee uses the
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respirator provided.
(D) Respiratory protective devices described in
Table 1-1 shall be those approved under provisions of 30 CFR 11.
(E) Respirators specified for use in higher
concentrations of ethylene dichloride are permitted in atmospheres of lower 
concentrations.
(F) Because of the poor warning properties of
ethylene dichloride at the environmental limit, chemical cartridges and 
canisters shall not be used with ethylene dichloride except for evacuation 
or escape.
(G) The employer shall ensure that respirators are
adequately cleaned, maintained, and stored, and that employees are 
instructed on the use of respirators and on testing for leakage.
(A) Where an emergency may develop that could result in
employee injury from overexposure to ethylene dichloride, the employer 
shall provide respiratory protection as listed in Table 1-1.
(b) Protective Clothing
In any operation where the worker may come into direct contact with 
liquid ethylene dichloride, protective clothing shall be worn. The 
clothing shall be both impervious and resistant to ethylene dichloride.
Gloves, boots, overshoes, and bib-type aprons that cover boot tops shall be 
provided when necessary. Impervious supplied-air hoods or suits shall be 
worn when entering confined spaces such as pits or tanks unless known to be 
safe. In situations where heat stress is likely to occur, air-supplied 
suits shall be used. All protective clothing shall be well-aired and 
inspected for defects prior to reuse.
TABLE 1-1






50 ppm or less (1) Any supplied-air respirator.
(2) Any self-contained breathing apparatus.
250 ppm or less (1) Any supplied-air respirator with 
a full facepiece, helmet or hood.
(2) Any self-contained breathing 
apparatus with a full facepiece.
>250 ppm (1) Self-contained breathing apparatus
or with a full facepiece operated in
entry and escape pressure-demand or other positive
from unknown pressure mode.
concentrations (2) A combination respirator which 
includes a Type C supplied-air 
respirator with a full facepiece 
operated in pressure-demand or 
other positive pressure or 
continuous-flow mode and an 
auxiliary self-contained breathing 
apparatus operated in pressure- 
d.emand or other positive pressure 
mode.
Firefighting Self-contained breathing apparatus 
with a full facepiece operated in 
pressure-demand or other positive 
pressure mode.
Escape (1) Any gas mask providing protection 
against organic vapors.




Eye protection shall be provided for, and worn by, any employee 
engaged in an operation where ethylene dichloride liquid or spray may enter 
the eye, Chemical-type goggles, safety glasses with splash shields, or 
plastic face shields made completely of ethylene dichloride-resistant 
materials shall be used. Suitable eye protection shall be in accordance 
with 29 CFR 1910.133.
Section 5 - Informing Employees of Hazards from Ethylene Dichloride
All new and present employees in any ethylene dichloride area shall 
be kept informed of the hazards, relevant symptoms, effects of 
overexposure, and proper conditions and precautions concerning safe use and 
handling of ethylene dichloride.
A continuing educational program shall be instituted to ensure that 
all workers have current knowledge of job hazards, proper maintenance 
procedures, and cleanup methods, and that they know how to correctly use 
respiratory protective equipment and protective clothing.
The information explaining the hazards of working with ethylene 
dichloride shall be kept on file and readily accessible to the worker at 
all places of employment where ethylene dichloride is manufactured, used, 
transported, or stored.
Information as required shall be recorded on US Department of Labor 
Form OSHA-20, "Material Safety Data Sheet," or similar form approved by the 
Occupational Safety and Health Administration, US Department of Labor.
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Section 6 - Work Practices
(a) Handling and Storage
(1) Storage containers, piping, and valves shall be 
periodically inspected for leakage.
(2) Storage facilities shall be designed to contain spills 
and prevent contamination of workroom air.
(3) Processes and storage facilities shall not be located 
near open flames or high-temperature operations, unless precautions are 
taken to prevent fire and explosion hazards and exposure to pyrolysis 
products.
(4) Where ethylene dichloride is transferred from one metal 
container to another, the 2 vessels shall be grounded or electrically in­
terconnected by bonding. The use of mechanical equipment likely to give 
off sparks should be avoided.
(5) Where ethylene dichloride is used as a fumigant, strict 
adherence to label requirements for application and personal protection 
shall be followed. In addition, standards for pesticide use by 
agricultural workers can be found in 40 CFR 170.
(b) Contaminant Controls
(1) Suitable engineering controls designed to limit 
exposure to ethylene dichloride to that prescribed in subsection (a) of 
Section 1 shall be utilized. Ventilation systems shall be designed to 
prevent the accumulation or recirculation of ethylene dichloride in the 
workroom and to effectively remove ethylene dichloride from the breathing 
zones of workers. Ventilation systems shall be subjected to regular 
preventive maintenance and cleaning to ensure maximum effectiveness, which
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shall be verified by periodic airflow measurements.
(2) Portable exhaust ventilation or suitable general 
ventilation shall be provided for operations that require the spray 
application of ethylene dichloride such as in fumigation operations.
(3) Buildings in which ethylene dichloride is used where it
could form an explosive air mixture shall be explosion-proof. Explosion 
vents are available and effective on windows, roof and wall panels, and 
skylights as a safeguard against destruction of buildings and equipment in 
which flammable vapors may accumulate. Stair enclosures shall also be 
fire-resistant and shall have self-closing fire doors.
(4) Forced draft ventilation systems shall be equipped with 
remote manual controls and designed to turn off automatically in the event 
of a fire in the building.
(c) Equipment Maintenance and Emergency Procedures
(1) Ethylene dichloride hazard areas
A hazard area that workers may enter shall be considered as any space 
with physical characteristics and sources of ethylene dichloride that could 
result in concentrations of ethylene dichloride in excess of the 
environmental limit. Exits shall be plainly marked. Emergency exit doors 
shall be conveniently located and shall open into areas which will remain 
free of contamination in an emergency. At least 2 separate means of exit 
shall be provided from each room or building in which ethylene dichloride 
is stored or handled in quantities that could create a hazard.
(2) Confined spaces
(A) Entry into confined spaces or into other areas 
where there may be limited egress shall be controlled by a permit system.
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Permits shall be signed by an authorized representative of the employer 
certifying that preparation of the confined space, precautionary measures, 
personal protective equipment, and procedures to be used are all adequate.
(B) Tanks, pits, tank cars, process vessels,
tunnels, sewers, grain storage bins, or other confined spaces which have 
contained ethylene dichloride shall be thoroughly ventilated to assure an 
adequate supply of oxygen, tested for ethylene dichloride and other 
contaminants, and inspected prior to each entry. Ventilation shall be 
maintained while workers are in the space.
(C) Inadvertent infiltration of ethylene dichloride 
into the confined space while work is in progress inside shall be prevented 
by disconnecting and blanking off ethylene dichloride supply lines.
(D) Personnel entering confined spaces shall be
furnished with appropriate personal protective equipment and protected by a 
lifeline tended by another worker outside the space, who shall also be 
equipped for entry with approved respiratory, eye, and skin protection, 
lifeline, and have contact with a third party.
(E) Written operating instructions and emergency
medical procedures shall be formulated and posted in conspicuous locations 
where accidental exposure to concentrations of ethylene dichloride which 
exceed the environmental limit may occur. These instructions and 
procedures shall be printed both in English and in the predominant language 
of non-English-speaking workers, if any. Special instructions shall be 
given to illiterate workers.
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(d) Showers and Eye Wash Fountains
Showers and eye wash facilities shall be provided and so located as
to be readily accessible to workers in all areas where skin or eye splash 
with ethylene dichloride is likely. If ethylene dichloride is splashed on 
the skin, contaminated clothing shall be promptly removed and the skin
washed with soap and water. If liquid ethylene dichloride contacts the 
eyes, they shall be thoroughly irrigated with clean water, following which
medical assistance shall be promptly provided. Such incidents shall be
reported to the immediate supervisor by the affected employee or by a
fellow worker.
Section 7 - Monitoring and Recordkeeping
(a) Where it has been determined that the environmental 
concentrations do not result in TWA workday exposures above one-half the 
TWA environmental limit, environmental monitoring shall not be required. 
However, records which form the basis for concluding that the exposures are 
at or below one-half the limit shall be maintained and exposure surveys 
shall be made when any process change indicates the need for réévaluation 
or at the discretion of the compliance officer.
(b) Where exposure concentrations have not been determined, they
shall be determined within 6 months of the promulgation of a standard 
incorporating these recommendations.
(c) Where it has been determined that environmental concentrations
result in TWA workday exposures above one-half the limit, employers shall 
maintain records of environmental exposures to ethylene dichloride based 
upon the following sampling and recording schedules:
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(1) Samples shall be collected at least quarterly in
accordance with Appendix I for the evaluation of the work environment with 
respect to the recommended limit.
(2) Environmental samples shall be taken when a new process
is installed or when process changes are made which may cause an increase 
in environmental concentrations. Increased production, relocation of 
existing operations, or other functions which can increase concentrations 
shall require resampling.
(3) In all monitoring, samples shall be collected which are 
representative of breathing-zone exposures characteristic of each job or 
specific operation in each work area. Sufficient numbers of samples shall 
be collected to express the variability of exposure for the work situation 
and to estimate TWA workday exposures for every employee.
(4) The minimum number of representative TWA exposure
determinations for an operation or process shall be based on variation in 
exposures and production schedules considering the number of workers 





Number of Employees Exposed Number of fi-A Determinations
1 - 20 50% of the number of workers
21 - 100 10 plus 25% of the excess
over 20 workers
More than 100 30 plus 5% of the excess
over 100 workers
(d) When exposure levels are found to be greater than those
prescribed in Section 1(a), environmental concentrations shall be reduced 
by suitable engineering controls. Exposures shall be monitored at least 
weekly until the effectiveness of the controls is established.
(e) All records of sampling and of pertinent medical examinations 
shall be maintained for at least 20 years after the individual's employment 
is terminated. Records shall indicate the type of personal protective 
devices, if any, in use at the time of sampling. Each employee shall have 
access to information on his own environmental exposure.
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II. INTRODUCTION
This report presents the criteria and the recommended standard based 
thereon which were prepared to meet the need for preventing occupational 
diseases arising from exposure to ethylene dichloride. The criteria 
document fulfills the responsibility of the Secretary of Health, Education, 
and Welfare, under Section 20(a)(3) of the Occupational Safety and Health 
Act of 1970 to "...develop criteria dealing with toxic materials and 
harmful physical agents and substances which will describe... exposure 
levels at which no employee will suffer impaired health or functional 
capacities or diminished life expectancy as a result of his work 
experience."
The National Institute for Occupational Safety and Health, after a 
review of data and consultations with others, formalized a system for the 
development of criteria upon which standards can be established to protect 
the health of workers from exposure to hazardous chemical and physical 
agents. It should be pointed out that any criteria and recommended 
standard should enable management and labor to develop better engineering 
controls resulting in more healthful work environments and simply complying 
with the recommended standard should not be the final goal.
These criteria for a standard for ethylene dichloride are part of a 
continuing series of criteria developed by NIOSH. The proposed standard 
applies only to the processing, manufacture, and use of ethylene dichloride 
as applicable under the Occupational Safety and Health Act of 1970. The 
standard was not designed for the population-at-large, and any 
extrapolation beyond occupational exposures is not warranted. I t  is
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intended to (1) protect workers against development of systemic effects, 
and against local effects on the skin and eyes, (2) be measurable by 
techniques that are valid, reproducible, and available to industry and 
governmental agencies, and (3) be attainable with existing technology.
15
III. BIOLOGIC EFFECTS OF EXPOSURE
Extent of Exposure
1,2-Dichloroethane, commonly known as ethylene dichloride, and also 
known as ethylene chloride and dichloroethane, is a colorless liquid at 
room temperature (25 C). [1] Minimal concentrations of ethylene dichloride 
in air that have been reported to be detected by odor vary from 3 to 100 
ppm. [2-4] Selected properties of ethylene dichloride are listed in Table 
XII-1. [1,5-7]
There has been confusion in the literature because of similar names 
used for related chlorinated hydrocarbons. As examples, Ienistea and 
Mezincesco [8] cited 2 references to relate industrial intoxication to 
ethylene dichloride that actually were concerned with dichloroethylene, and 
Cetnarowicz, [9] cited a report about dichloroethylene as a chronic 
occupational exposure to ethylene dichloride.
Manufacturing processes are based on the chlorination of ethylene.
The reaction between ethylene and chlorine yields a mixture of ethylene
dichloride, 1,1-dichloroethane, and 1,1,2-trichloroethane. By controlling 
the temperature of the reaction and by using specific catalysts (ethyl 
bromide, metal chlorides), the production of addition products such as 
ethylene dichloride can be enhanced. Ethylene dichloride is also produced 
by hydrochlorination of ethylene and is obtained as a by-product of 
trichloroethylene synthesis. [10]
The United States production of ethylene dichloride increased from 
about 510 million pounds in 1955 to almost 8 billion pounds in 1972. [11-
28] This 16-fold increase was mostly due to increased vinyl chloride
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production, for which ethylene dichloride is one of the basic raw 
materials. [10]
Manufacture of ethylene dichloride has been reported by 15 companies 
in the United States. [10,28] Eleven of these also produce vinyl 
chloride in integrated operations and 7 other chemical companies have used 
ethylene dichloride in the production of vinyl chloride. [10,28] Thus many 
workers involved in the manufacture of vinyl chloride are potentially 
exposed to ethylene dichloride.
Although the principal use (about 75%) of ethylene dichloride is as a 
raw material in the production of vinyl chloride, it is used by at least 36 
chemical companies in a variety of other applications, such as a 
constituent in antiknock mixtures of leaded fuels, as a fumigant- 
insecticide, and in the formulation of some degreaser compounds and rubber 
cements. [10,28,29]
Formulators of insecticide mixtures and agricultural workers involved 
in the fumigation of a variety of crops are potentially exposed to ethylene 
dichloride in their occupation. [30] At least 29 chemical companies 
manufacture at least 45 fumigant-insecticides which have ethylene 
dichloride as an ingredient. [31]
Formulators of antiknock compounds containing tetraethyl lead and 
tetramethyl lead might be exposed to ethylene dichloride which is a consti­
tuent of antiknock mixtures (as high as 20% by weight). There are 4 
chemical companies in the United States involved in the formulation of such 
compounds, [10] and at least 6 different formulations of antiknock fuel 
additives are available on the market. [29]
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Ethylene dichloride has been utilized as a component of degreasing 
mixtures for metal parts. [29] However, this application is now very 
limited since less toxic solvents have replaced ethylene dichloride for 
this use. [1] Another small scale use of ethylene dichloride is as a 
constituent of rubber cements, and some formulations of acrylic-type 
adhesives use it as a solvent. [29]
NIOSH estimates that 18,000 people are potentially exposed to 
ethylene dichloride in their working environment in the US.
Historical Reports
In 3 letters to the editor of the 1849 Provincial Medical and 
Surgical Journal, Nunneley [32-34] reported his experiments with ethylene 
dichloride as an anesthetic and discussed the work of others. He called 
the substance chloride of olefiant gas and mentioned the synonyms 
hydrochlorate of chloride of acetyle, oil of olefiant gas, Dutch oil, and 
oil of the Dutch chemists. [32] Contrary to reports of others with whom he 
had corresponded, Nunneley [33] found inhalation of the material to be 
agreeable to him and to 6 of his colleagues who were anesthetized by it, 
and he reported having successfully performed surgery on 4 patients under 
ethylene dichloride anesthesia. Nunneley [32-33] reported that, compared 
to chloroform, less ethylene dichloride was required to anesthetize his 
subjects and patients, and they were less uncomfortable afterwards. He [33] 
also discussed the experiences of others who found ethylene dichloride 
vapor to be very irritating to the throat of humans and lethal to mice. 
Subsequent information on the effects of ethylene dichloride inhalation 
suggests that perhaps Nunneley was working with something other than
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ethylene dichloride.
Eulenberg [35] reported in 1876 that a young woman accidentally 
anesthetized by ethylene dichloride instead of its isomer, ethylidene 
dichloride (1,1-dichloroethane), developed a severe headache followed by 
repetitive vomiting for several hours. The next day she was still 
extremely tired and felt unwell.
Comeal opacities were reported in 1887 to have developed in dogs 
after anesthesia with ethylene dichloride. [36] The opacities developed 
60-80 hours following single exposures of 1.5 hours duration and began to 
clear about 2 days later. The following year, Dubois [37] reported that 
the opacification and thickening deformity of the canine cornea were due to 
lymphatic infiltration of the vitreous humor, and Panas [38] independently 
confirmed these findings. It was shown more recently that corneal 
opacities from systemic intoxication following ethylene dichloride exposure 
developed in canine species but not in other animal species studied. [39] 
This distinction has not always been clearly stated in the literature, and 
it has been both inferred and erroneously stated [40, 41] that corneal 
opacities have occurred in humans from ethylene dichloride exposures, but 
these were unvarified extrapolations from animal data. Reports of corneal 
opacities developing in humans exposed to ethylene dichloride have not been 
found.
An experimental exposure of humans to ethylene dichloride was 
reported in 1930. Two subjects exposed at 1,200 ppm for 2 minutes reported 
a strong odor, but no other subjective or objective responses. [42]
Occupational hazards of working with ethylene dichloride were the 
subject of a letter by Murdock [43] to the editor of the Journal of the
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American Medical Association in 1932. Murdock reported that men exposed to 
ethylene dichloride in a new oil refining process became nauseated, and he 
asked for further information on the toxicity of this chemical. The editor 
pointed out that: "Workmen with any considerable exposure may develop
headache, dizziness, diarrhea, hemorrhage into the intestinal tract, 
hemorrhage into the lungs or pleural cavity, and irritation of the
respiratory tract. Higher concentrations may lead to necrosis of the 
liver."
Two cases of occupational exposure that occurred in 1934 were
reported by Hamilton and Hardy [44] in 1949. Two men spraying the
interior of a brewery tank with a solvent containing ethylene dichloride 
became unconscious. Resuscitation was attempted on both, but one man died 
without regaining consciousness. An autopsy showed fat in the blood and 
urine and a defatted, parchment-like appearance of the pericardium and
omentum.
In 1943, Brandt [45] reported that ethylene dichloride was a 
potential health hazard in degreasing operations, leather cleaning, rubber 
goods fabrication, and in the manufacture of parts for tanks. Exposures 





Death has been the consequence in the majority of the reported cases 
of ethylene dichloride ingestion. [46-73] The progression of signs and 
symptoms of poisoning in these cases is presented in Table XII-2. There 
was usually a period of about one hour before onset of symptoms, followed 
by dizziness, nausea, vomiting, and unconsciousness. A rapid, weak pulse, 
dilated pupils, pulmonary edema, and increasing cyanosis were usual 
findings. Death was usually ascribed to circulatory and respiratory 
failure.
Occasionally, there was evidence of overt bleeding into the visceral 
organs [46,50,51,54,56,60,62,70] or into the lungs. [51,66] In many cases, 
autopsies revealed hyperemia and hemorrhagic lesions of most organs
including the stomach, intestines, heart, brain, liver, and kidney.
[46,47,49-52,54,56,57 59-62,64,66,67,70,72,73]
In 1969, prolonged bleeding from venipunctures was observed by Martin 
et al [64] in a patient 24 hours after ethylene dichloride ingestion. They 
then studied the clotting factors and found a maximal reduction in factors 
II, V, VII, VIII, and complete defibrination. The platelet count had 
dropped to 14,300/cu mm, fibrinolysis was increased to 4 times its normal 
value, and proactivator levels were below 10%. "Thrombin time" after
fibrinogen substitution was 59 seconds as contrasted to the normal 12 
seconds. The complex coagulation disorder with thrombocytopenia and
reduced activity of the coagulation factors was attributed by the authors 
[64] to the depletion of these in a process of disseminated intravascular 
coagulation and to secondary hyperfibrinolysis. The post mortem
examination revealed thrombi in the pulmonary arterioles and capillaries, 
as well as hemorrhages into the mucosa of the esophagus, stump of the 
stomach, rectum, and in the subepicardial, subendocardial, and myocardial 
tissues.
The observations of Martin et al [64] became guidelines for Schonborn 
et al [65] in their treatment of an 18-year-old man who had ingested about 
50 g of ethylene dichloride. Schonborn et al [65] began detailed studies
of blood clotting in their patient 5.5 hours after the ingestion. They
found a lengthening of the prothrombin time (according to Quick's test), a
decrease in clotting factors II and V and in thrombocytes, but no increase
in fibrinolysis. In this case, heparin given 5.5 hours after ingestion was 
not successful in preventing the initial clotting and subsequent loss of 
clotting factors as postulated by Martin et al. [64] The patient died from 
circulatory shock after 17 hours, and in the post mortem examination 
intravascular thromboses were not found.
Prothrombin time was reported to be slightly increased by Yodaiken 
and Babcock [66] in 1973, 2 hours after their patient ingested ethylene 
dichloride. The clotting ability of the blood progressively decreased, and 
on the 4th day, all clotting factors except VIII were markedly decreased. 
Blood glucose was 40 mg/100 ml on the 2nd day and glucose was given
intravenously. In spite of this, blood glucose fell to 12 mg/100 ml on the 
3rd day. Serum calcium concentrations rose to 16 mg/100 ml on the 5th day.
Internal organ changes were studied by Bryzhin [73] after 4 persons 
died from ingestion of 150-200 ml of ethylene dichloride. The deaths 
occurred at 10, 15, 33, and 35 hours after ingestion. Significant autopsy 
findings included punctate hemorrhaging in the epicardium, pleura, and
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mucous membranes of the stomach and duodenum; varying degrees of liver 
damage with focal hemorrhaging in one case; yellow-white fibrinous bundles 
of blood in the heart cavities and lesser circulatory vessels; distinct 
icteric coloring of the endocardium, aortal intima, and dura mater; and 
evidence of decomposition of circulating erythrocytes. The author 
concluded that the jaundice was of hemolytic origin.
Bryzhin [73] analyzed the remainder of the liquid that the patients 
had drunk as well as the chemical found in the internal organs. Whereas 
the liquid that was ingested was clearly determined to be ethylene 
dichloride and the chemical in the internal organs was determined to be an 
organic chloride, ethylene dichloride itself was not found. Because of 
this and the fact that the clinical aspects of poisoning appeared 3-4 hours 
after the ingestion, Bryzhin concluded that ethylene dichloride rapidly 
underwent a chemical change in the organism.
Nonfatal cases of ethylene dichloride ingestion were reported by 
Ienistea and Mezincesco, [8] Bloch, [50] Stuhlert, [52] Flowtow, [55] 
Kaira, [62] Rohmann et al, [68] Gikalov et al, [69] Pavlova et al, [71] and 
Agranovich. [72] Ienistea and Mezincesco [8] reported that several 
soldiers who drank it developed headaches and became nauseated, but because
they had ingested a small amount they did not become sick enough to seek
medical help.
A man who claimed to have swallowed "only a small amount" began to
vomit 2 hours later, developed bloody diarrhea that night, and was
hospitalized on the second day after the ingestion according to Bloch. [50] 
He was slightly cyanotic on admission and coarse rales were heard over his 
chest. His heart beat was weak and "every 5th or 6th beat was
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interrupted." The clinical diagnosis included kidney and liver damage. 
The kidney damage was based on clinical findings of oliguria, albumin and 
casts in the urine, and temporary retention of nitrogenous substinces. The 
liver damage was evidenced by an enlarged liver, a slight increase in serum 
bilirubin, urobilin, and urobilinogen in the urine, and abnormal results in 
tests for galactose and alcohol load. The patient was considered to have 
recovered by 2 weeks after ingestion.
Temporary electroencephalographic (EEG) changes were reported by 
Rohmann et al [68] in a 2-year-old child 19 hours after ingestion of about 
20 ml of a "nerve balsam" containing ethylene dichloride. The child did
not vomit and, 9 hours after ingestion, there were no signs of poisoning
and the EEG was normal. However, at 12 hours after ingestion there was a 
tendency to cramp (probably abdominal) and the EEG showed abortive spikes 
and waves with frontal and precentral leads.
Decreased albumin-globulin ratio and increased aldolase in the blood 
of persons poisoned by ethylene dichloride were found by Pavlova et al.
[71] They also found increased bilirubin values which they attributed to a 
decreased hepatic transglucuronidase activity resulting from impaired 
hepatic function.
(b) Acute Inhalation Exposures with Fatalities
The effects of acute exposure to ethylene dichloride by inhalation
are very similar to those found after ingestion. Headache, weakness, 
conjunctival irritation, cyanosis, nausea, and vomiting first appear, 
followed by unconsciousness and respiratory and circulatory failure. 
[72,74-85] Autopsy findings have included damage to the liver, kidneys, 
and lungs, [75-81] and there have been repeated reports of leukocytosis and
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elevated serum bilirubin. [72,75,82,83,86] Many of the acute exposures were 
fatal. [74-81]
Exposure to a mixture of chlorinated solvents, including ethylene 
dichloride, was responsible for the death of a worker in a study reported 
by Wendel [74] in 1948. Two workers were painting the inner walls of a 
basement 1.5 meters underground which measured 3.5 x 2 x 3 meters. Five kg 
of ethylene dichloride had been mixed with the paint as thinner, the paint 
itself consisted of 13% polyvinyl chloride and 87% solvents, primarily 
methylene chloride and some cyclohexanone. While painting, both workers 
noticed a sweet taste, dizziness, and discomfort. After 5 hours, one of 
the workers was found unconscious and was rushed to the hospital, where he 
reported that he had become ill suddenly and lost all memory. He was 
somnolent, nauseated, and vomited frequently. He died 1.5 days later from 
circulatory failure, respiratory paralysis, and pneumonia. The second 
worker experienced nausea, weakness, vomiting, and diarrhea, but survived. 
The author [74] stated that ethylene dichloride was the most toxic of the 
chemicals inhaled and attributed the death of the worker to purulent 
pneumonia resulting from pulmonary irritation.
In 1949, Brass [75] reported 2 fatal cases of occupational ethylene 
dichloride poisoning which had occurred in a chemical plant in Germany in
1943. Two men, 65 and 39 years of age, were working in a 3.5-meter deep 
ditch repairing leaks in pipes that carried ethylene dichloride. The older 
man, wearing a gas mask, was working alone in the ditch when he collapsed. 
In a rescue attempt, the second worker, also wearing a gas mask, lost 
consciousness as he was climbing up a ladder with the first worker. Both 
workers were finally rescued 30 minutes later and regained consciousness
when brought into fresh air. Cyanosis and tachycardia were present and 
both men were taken to a clinic.
The first worker to collapse (the 65-year-old man) was examined and 
found to be sleepy; cyanosis of the visible mucous membranes and a paleness 
of the skin were noticeable. His breath smelled very strongly of ethylene 
dichloride. There were no abnormal findings in the lungs, heart, liver, 
spleen, and kidneys on physical examination and there were no unusual 
neurological findings. Blood analysis showed 114% Hgb, 5,460,000 RBC, 
13,500 WBC, and a normal differential cell count. He reported feeling 
weakness of the limbs and considerable pressure in the bladder. [75] With 
continued supportive treatment, the patient began to improve, but felt 
thirsty, had an unpleasant taste in his mouth, and the pressure in the 
bladder area was increasing. A few ml of alkaline urine obtained by 
catheter the next day showed albumin and white and red blood cells. 
Circulatory weakness developed and the man died approximately 32 hours 
after the exposure. [75]
Extensive subepicardial, subendocardial, and a few subpleural 
hemorrhages were found at autopsy. The lungs were moderately edematous, 
the kidneys were swollen, there was generalized jaundice and multiple fist­
sized cavernomas In the liver. [75] Microscopic examinations confirmed the 
presence of pulmonary inflammation and edema. The kidneys showed 
thickening of the perinephric capsule and only a few hyalinized glomeruli. 
The remaining glomeruli were swollen and filled with blood. Cells of the 
parietal and visceral capsules were swollen and their nuclei were 
occasionally karyolytic and pyknotic in appearance. In a few of these 
capsule formations, there was desquamated epithelium. The renal tubular
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epithelium was swollen, and the tubules and lumina had many damaged cells. 
The straight portions of the epithelium were the most severely affected. 
[75] The liver showed individual or small groups of transparent cells and 
degenerative nuclear changes. There was considerable swelling of the 
reticuloendothelium, leukocytic infiltration, and moderate fatty 
degeneration.
The course of illness of the second worker (the 39-year-old man), who 
also died, followed a similar pattern with conspicuous jaundice and anuria. 
Autopsy findings included extensive subepicardial and subendocardial 
hemorrhages, a few subpleural hemorrhages, bilateral pleural effusion, 
slightly swollen kidneys, portal cirrhosis of the liver, and a generalized 
jaundice. [75] In both cadavers there was an intense, unique smell of all 
organs that was so strong people present at the autopsy felt uncomfortable 
and developed headaches. There was a profound rigor mortis and an absence 
of clots. The blood was described as intensely red and thick. Neither 
methemoglobin nor carboxyhemoglobin was found by spectroscopic analysis.
Hadengue and Martin [76] reported a case in 1953 in which a plant 
engineer died after being exposed to ethylene dichloride vapor for only a 
few minutes during a rescue attempt. A worker became unconscious while 
making repairs in a tank in which there was a mixture containing ethylene 
dichloride used in the production of carotene. The plant engineer entered 
the tank to rescue the man and he, too, lost consciousness. The worker 
suffered only temporary and minor problems, whereas the engineer, having 
been exposed to the same concentrations, died 6 hours after the accident. 
It is likely that skin absorption as well as inhalation contributed to the
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exposure since the engineer's body had a yellow coating adhering to it when 
he was removed from the tank.
When brought to the hospital, the engineer did not seem to be in a 
particularly serious condition. However, he became comatose and died 
during the night. Autopsy findings included massive pulmonary edema, 
hepatic hypertrophy with yellowish color and distinct areas of degene­
ration, intense renal congestion, and small meningeal hemorrhages. 
Microscopic examination of the lungs indicated areas of emphysema and 
edema. Some of the alveoli contained erythrocytes and eosinophils, and the 
alveolar capillaries were moderately congested. The liver cells showed 
necrosis and fatty degeneration with moderate congestion of the 
capillaries. The renal convoluted tubules and Henle's loop showed granular 
degeneration and there were numerous hyaline and granular casts in the
lumen. The cause of death was attributed to pulmonary edema. [76]
Ollivier et al [77] described a case in 1954 in which 4 workers were 
painting a boat with a compound containing ethylene dichloride. After a 
few hours, the workers became ill with general malaise and vomiting. They 
were taken to the. hospital where they were treated with intravenous 
methylene blue. One worker died shortly after admission, and the other 3 
workers were all discharged from the hospital the following morning. An 
autopsy revealed intense congestion of the deep and superficial vessels of 
the central nervous system, pulmonary edema, and congestive lesions in the 
liver, spleen, and kidneys. [77]
A case of poisoning by Granosan, a disinfestant composed of 30%
carbon tetrachloride and 70% ethylene dichloride, was reported by Domenici
[78] in 1955. A worker who spent 4 hours unloading empty sacks that had
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been disinfested with Granosan felt tense after work. Two days later he 
did not report to work and on the 3rd day he had severe dyspnea and had to 
be hospitalized. Examination showed a cyanoLic coloring, fast pulse,
reduced respiratory rate, and heart sounds that were barely perceptible.
He died 10 days after the initial contact with Granosan. The autopsy
findings included pulmonary edema with signs of marginal emphysema,
thickened pericardium, epicardiac thickening, necrosis and fatty 
degeneration of the liver and kidneys, renal congestion, and hyperemia 
throughout the digestive tract.
Fifteen cases of poisoning after inhalation of Granosan were reported 
by Salvini and Mazzucchelli [79] in 1958. Four persons had been involved 
in the fumigation of a warehouse and the other 11 persons lived nearby. 
The fumigation took place in the afternoon and that night most persons 
developed signs and symptoms that included malaise, nausea, vomiting, 
headache, anorexia, tiredness, asthenia, epigastric pain, and mild 
hepatomegaly. One of the workers involved in the fumigation procedure for 
50 minutes became more seriously ill and was hospitalized with tachycardia, 
oliguria, and a decrease in renal and hepatic function (criteria of 
evaluation not mentioned). One person who did not participate in the 
disinfesting, but who lived near the warehouse, died on the 8th day after 
exposure. Autopsy findings included meningeal hemorrhaging, hyperemia in 
the cephalic parenchymal cortex, congested and edematous lungs, clots in 
the heart and a thickening of the myocardium, congestion of the liver and 
spleen, renal hyperemia, and centrilobular liver necrosis with binucleated 
cells. All of the other persons exposed to the fumigant mixture recovered.
[79]
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Guarino and I.ioia [80] in 1958 reported a case in which a 50-year-old 
worker using a compound containing 70% ethylene dichloride to disinfest 
wheat died 12 days after the exposure. He was part of a working crew 
employed to disinfest grain stored in a rectangular shed. Five barrels of 
the Granosan compound, each containing 250 kg, wtre placed outside the 
building, and the liquid was then pumped through rubber hoses. Two 
workers, equipped with masks with filters, stood inside the shed and 
directed the spray. The first barrel was emptied in about 5 minutes. The 
pump then clogged, and one worker carried the insecticide in 2 buckets to 
the workers in the storage area. He reportedly removed his mask several 
times and continued to carry the compound in this manner for one hour. [80] 
Four hours later, he developed severe frontal headaches and repeated 
vomiting which continued through the next morning. Oliguria developed and 
he was hospitalized. Slightly muffled heart sounds, rales, slight 
accentuation of the left patellar reflex, and slight abdominal tenderness 
were found by physical examination. Urinalysis showed albumin, urobilin, 
hyaline and granular casts, and erythrocytes. One week after the incident, 
his blood pressure was found to be 155/115, and an electrocardiogram 
revealed left ventricular prevalence. Ten days after the incident, he had 
profuse diarrhea, increased dyspnea, and amblyopia, and he died 2 days 
later. Autopsy findings included edema with areas of necrosis in the 
kidneys, splenic congestion, and necrosis of the liver. [80]
A fatal exposure of a 32-year-old man, employed for several years in 
a plant which manufactured ascorbic acid, was reported by Troisi and 
Cavallazzi [81] in 1961. The worker was exposed to ethylene dichloride 
during the process of loading and unloading a centrifuge, during which time
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he wore rubber boots and a mask with a filter, defined only as 
neutralizing. The mask had been malfunctioning for several days, and 
during this time the employee complained of general malaise and was seen 
staggering about the workplace. On one particular day, he was loading the 
centrifuge when he became pale and started to vomit about 5.5 hours after 
he began work. A few hours later, he complained of chills. When he 
arrived home, vomiting continued, he developed hiccups, and the general 
malaise worsened. An epileptiform convulsion occurred about 3 hours after 
he left work; he lost consciousness and was rushed to the hospital where he 
was found to be comatose with cyanosis and dyspnea. His pupils did not 
react to light, rales were heard over his entire chest, there was mild 
tachycardia, muscular hypotonia with a complete absence of tendon reflexes, 
and he had repeated convulsions. Blood glucose was 310 mg/100 ml and 
urinalysis showed 1,250 mg glucose/ 100 ml and a trace of acetone. The 
patient's condition continued to decline and he died approximately 11 hours 
after he left work. [81]
An autopsy performed 3 days later showed intense cyanosis of the head 
and neck, a small blood clot in the right temporal region, congestion and 
edema in the cerebrum, hemorrhages in the trachea and bronchi, pulmonary
edema and congestion, and fatty degeneration of the liver. Intense renal
tubular degeneration was found on histological examination. [81]
(c) Acute Inhalation and Skin Exposures without Fatalities 
Nonfatal acute exposures to ethylene dichloride have also been 
reported. [82-90]
One of the early reports of occupational poisoning was in 1939 when
Wirtschafter and Schwartz [82] published a study of 3 employees in a
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knitting factory who became acutely ill following a single exposure to 
ethylene dichloride. These men had no previous exposures to ethylene 
dichloride and had become ill while cleaning a shipment of yarn by 
immersing it in an open tank containing 20 gallons of ethylene dichloride. 
After soaking, the yarn was removed and wrung out by hand. The workroom 
had an exhaust fan and the temperature in the room was about 75 F. Four 
hours after the beginning of the exposure, the men became dizzy, nauseated, 
and vomited profusely. They were also weak and trembling and were removed 
from the exposure after the onset of vomiting. They were hospitalized one 
hour later, the vomiting having continued unabated.
One of the men, aged 60, was still vomiting when he arrived at the 
hospital and complained of epigastric pain. Other observations included 
furring of the tongue, tremor of the extremities, and severe dermatitis of 
the hands. The liver was neither tender nor palpable. [82]
The 2nd man, 51 years old, was also vomiting profusely when admitted 
to the hospital. There was a continuous generalized tremor, absence of 
breath sounds over the right anterior chest, left border of cardiac 
dullness 12 cm from the mid-sternal line, and severe dermatitis. Abdominal 
examination was negative. [82]
The 3rd worker was the most acutely ill with severe headache and 
weakness accompanying the nausea and vomiting. This 44-year-old man also 
had generalized tremor, moderate conjunctival congestion, occasional moist 
rales throughout both lungs, and severe dermatitis of the hands. The liver 
was palpable and tender. [82]
The icteric indices for the 3 men were 9.1, 14.5, and 8.6,
respectively (normally 3-8). Leukocytosis was prominent in all 3 men and
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blood sugar levels 72 hours after admission were 52.6, 55.0, and 74.0 
mg/100 ml, respectively. [82]
The patients were administered 10% calcium gluconate solution 
intravenously upon admission to the hospital and were fed on a high 
calcium, high carbohydrate diet. All 3 men improved and were discharged 
after one week. The dermatitis persisted even after discharge from the 
hospital. [82]
Six cases of occupational intoxication were reported by Jordi [83] in
1944. Two men were working in a small room with closed windows dismantling 
and cleaning a compressor in ethylene dichloride which contained 5-6% 
methyl acetate. Both experienced headaches, a feeling of being 
intoxicated, and vomiting. One man had recovered by the following day but 
the other continued to feel tired and weak. He returned to work two days 
after the exposure even though he had not recovered. He also suffered from 
rheumatism and underwent treatment during that summer. One year after his 
exposure, his symptoms of tirednessnervousness, insomnia, reduction in 
libido and potency, and generalized atrophy of muscles without abnormal 
findings in the organs were concluded to be consequences of the initial 
poisoning.
A 3rd worker in a factory which manufactured artificial rubber
developed headaches and vomiting after a bottle of ethylene dichloride 
broke. [83] Two other cases of intoxication presented by Jordi [83]
occurred in a room 20 cm below ground level where ethylene dichloride
(sometimes mixed with methylene chloride and methyl acetate) was used as a 
solvent for a resin. A 33-year-old man developed nausea, the urge to 
vomit, and abdominal cramps when an obstruction developed in the
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ventilation system. He recovered after 14 days. Another man who worked 
over an unventilated trough felt dizzy and nauseated for several days, then 
developed vomiting and cramps. He rested for 2 weeks but did not fully 
recover for over a month. [83]
The sixth case of occupational exposure to ethylene dichloride 
reported by Jordi [83] occurred when a worker attempted to disassemble an 
ethylene dichloride pump in a cellar. Four liters of the liquid spilled 
onto the floor, and one worker shoveled most of the material into a 
container, then mopped up the remainder. During this time, about one hour, 
he felt pressure in his head and dizziness. He then moved to a different 
room but the dizziness continued and he began to vomit. This continued for 
several hours and the next morning he was still nauseated and had 
headaches. The urge to vomit and a burning sensation in his stomach lasted 
for several days. On physical examination one month after the exposure, 
findings were normal except for leukocytosis and a slight sensitivity to 
touch in the epigastrium. [83]
A 33-year-old employee was reported in 1946 to have become ill after 
he was splashed with ethylene dichloride. [87] His overalls were saturated 
and some of the liquid entered one eye. When eye treatment was given, he 
was found to be dazed and 2 hours later he began to feel very sick. Three 
hours after the accident, there was retching and vomiting which persisted 
for 9 hours. The following 2 days, the man had violent epigastric pain 
which was aggravated by the intake of food. His physician diagnosed 
hepatitis with no jaundice, and recovery was complete.
A case of severe dermatitis and necrosis of the epidermis of the 
feet, accompanied by suppuration and delayed healing, was reported by
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Rosenbaum [88] in 1947 in a worker who spilled ethylene dichloride on his 
socks, wrung them out and put them on again.
Agranovich, [72] in 1948, reported having investigated 10 cases of 
occupational poisoning by ethylene dichloride, one of which he summarized. 
He stated that all cases were mild and characterized by headache, nausea, 
and general weakness, often appearing after a delay of a few hours, and 
sometimes lasting several days. The liver was palpable in some and one 
worker had an insignificant increase in bilirubin in the blood.
In the case he summarized, a 29-year-old man became ill after having 
used ethylene dichloride to clean oil from a certain piece of equipment.
[72] He left work, began to stagger about as if drunk, was confused, and 
soon began to vomit. He was brought to the clinic with a headache, slight 
nausea and general debility. Epigastric tenderness, scattered, dry rales, 
hypoglycemia 3 hours after administration of galactose, and urobilin in the 
urine were found. He was fully recovered when he was released from the 
clinic a week later.
An entire family was reported in 1950 to have been poisoned by 
ethylene dichloride, presumably from inhalation, after the floors of 2 
rooms were treated with pure ethylene dichloride. [84] The wife was the 
1st to develop nausea and a headache and she vomited repeatedly. Two 
children, the husband, and his sister became ill soon after. Another child 
showed cyanosis, continuous vomiting, elevated temperatures, and weak heart 
beats with almost no pulse for about 2 weeks. Two workers of the company 
making the cleanser also were intoxicated. Details of the workers' 
illnesses were not given.
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Twenty-two workers were reported by Paparopoli and Cali in 1956 [85] 
to have become ill after unloading grain disinfested with a combination of 
carbon tetrachloride and ethylene dichloride from the hold of a ship. [85] 
Fifteen of the dock workers were hospitalized. The patients were between 
the ages of 18 and 50 and all presented the same initial subjective 
manifestations of poisoning, which appeared between the 2nd and 4th day of 
work. These included a burning sensation in the exposed mucous membranes, 
frontal headache, vertigo, nausea, epigastric pain, asthenia, and 
somnolence. Some of the workers experienced more serious signs of 
poisoning such as vomiting, diarrhea, and unconsciousness lasting from a 
few minutes to about an hour. Paparopoli and Cali [85] summarized their 
clinical findings on the 15 patients and did not describe each case 
separately. Most persons had manifestations of bronchial inflammation, 
infrequent, dry cough, nausea, and epigastric disturbances. The livers 
were slightly enlarged in all, and 2 cases showed a jaundiced coloration of 
the sclera and skin and urobilinuria. One person had cardiac arrhythmia, 
and hypocalcemia was present in several other individuals, but the number 
not stated. All patients were released from the hospital by the end of one 
month. ;
Menschick [86] reported in 1957 that four men became acutely ill from 
inhaling ethylene dichloride while applying a protective coating to the 
walls of a concrete tank. After the men complained about the odor, 
compressed air was supplied to the chamber. One worker became nauseated
•t
after about 15 minutes of exposure and sat down at the edge of the tank. 
His condition became worse, an ambulance was called, and by the time it 
arrived (25 minutes after exposure began) he had already lapsed into
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unconsciousness. A second worker, who felt nauseated, also was placed in 
the ambulance. The remaining workers had no symptoms, but were seen by the 
factory physician. [86]
The first worker remained unconscious for 3 hours with severe tonic- 
clonic muscle spasms and profuse vomiting. His skin was pale, lips 
cyanotic, and conjunctiva were reddened. The following day, he was found
to have leukocytosis, acute conjunctivitis, acute inflammation of the upper
and lower airways, intestinal spasms, abdominal tenderness, anxiety, and 
precordial pain. The liver was enlarged, serum bilirubin was elevated, the
Takata-Ara test of liver function was positive, and urinalysis showed
albumin, hyaline and granular casts, few leukocytes and erythrocytes, and 
abundant sedimentation. Symptomatic treatment was continued and the man's 
condition was improved by the 4th day after exposure, although there was 
still abdominal and precordial pain, slight conjunctivitis, diffuse 
bronchitis, and the liver was still enlarged and sensitive to pressure. 
Three months after the intoxication, liver damage was still detectable as 
indicated by a positive Takata-Ara test and elevated bilirubin; 4 months 
after the exposure the patient was found to be clinically normal. [86]
The second painter had symptoms similar to the first man with pale 
skin, cyanotic lips, conjunctivitis, bronchitis, leukocytosis, a positive 
Takata-Ara test, and elevated bilirubin. His condition was reported as 
improved 5 weeks after the intoxication. [86]
The remaining 2 men had leukocytosis, a slightly elevated bilirubin, 
and a positive Takata-Ara test. Gastric X-ray showed acute gastritis and 
bulbar duodenal erosion in one man, and hypersecretion was also reported to
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have been found. Five weeks later, the conditions of both men were 
reported to be improved. [86]
Smirnova and Granik [89] studied the long-range effects in 6 workers 
who had been acutely poisoned with ethylene dichloride. These 6 workers 
were among 35 follow-up case studies of workers acutely exposed to various 
substances at work because of accidents, violation of safety rules, or 
insufficiently sealed equipment. The occupations of the total group were 
machine operators, metal workers and lab workers. Their ages ranged from 
20 to 60 years. Twenty-three of the workers had been exposed up to 5 years 
and 12 had been exposed for more than 5 years. More specific details about 
the occupations and ages of the 6 workers exposed to ethylene dichloride 
were not given. It was not entirely clear from the article that the 
exposures were only to ethylene dichloride. At least one of the ethylene 
dichloride exposures resulted in loss of consciousness. None of the 6 
workers exposed to ethylene dichloride showed evidence of liver damage, but 
chronic changes were noted in the central nervous system and were 
manifested in 1-18 years. In the most serious case of ethylene dichloride 
poisoning, the illness was reported to be accompanied by signs of 
encephalitis with special injury to the subcortical region which improved 
slowly during 14 years.
(d) Repeated and Chronic Occupational Exposures
Repeated exposures to ethylene dichloride in the occupational 
environment have been associated with anorexia, nausea, vomiting, 
epigastric pain, irritation of the mucous membranes, and liver and kidney 
dysfunction. Although fatal cases have been reported less frequently with
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chronic exposure than with acute exposure, chronic effects can progress 
unless the exposures are adequately reduced.
The experiences with ethylene dichloride during its first 3-4 years 
of use in Russian industries were discussed by Rosenbaum [91] in 1939. 
During that time, a number of mild cases of poisoning with symptoms lasting 
for several hours had been observed. In more severe cases, the illnesses 
lasted 1-3 days and occasionally 4-5 days. The symptoms included general 
debility, vertigo, headache, nausea, and vomiting. Irritation of the eyes 
and respiratory tract were common, and occasionally the workers perceived a 
buzzing sensation and developed reddening of the facial skin. Rosenbaum 
[91] reported that secondary symptoms almost never developed. About 90 
persons from a number of Moscow factories were examined who had worked with 
ethylene dichloride at work-zone concentrations usually below 25 ppm. The 
author [91] reported that no pronounced chronic effects on the blood 
picture or on individual organs were established in these workers. The 
most characteristic and frequent findings were bradycardia (heart rate 60 
beats/minute or less) and bright red, long-lasting dermographism which he 
considered to be transitory CNS effects.
In a 1947 report, Rosenbaum [88] discussed the experiences in Russian 
industries from 1934 to 1945. He noted that acute poisonings could develop 
rather rapidly with repeated exposures at concentrations of 75-125 ppm. He 
considered that the signs and symptoms of the acute poisonings included 
general weakness, headache, dizziness, vomiting (usually with a trace of 
bile), and irritation of the mucous membranes and skin. Some cases 
resulted in fatalities when the workers experienced these signs and 
symptoms of poisoning 2 or more times in a period of 2-3 weeks.
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Two cases in which workers became ill after occupational exposure to 
ethylene dichloride were reported by McNally and Fostvedt [90] in 1941. 
There were no concentrations given in either case. One man had been 
employed in a packing plant as a cholesterol extraction process operator 
for 9 weeks, 40 hours/week. He ground spinal cords, a process in which he 
used 750-900 gallons of ethylene dichloride for each batch. Exposures to 
the vapor occurred during the centrifugation process to separate the 
cholesterol and during the emptying of barrels containing the cholesterol. 
The man complained that during the previous month he had experienced 
anorexia, nausea, and vomiting of 2 days' duration, drowsiness at work, and 
a weight loss of 10 pounds. Upon physical examination, the man appeared 
nervous, but not acutely ill. It was concluded that he had recovered from 
the ill effects of ethylene dichloride, except for the nervousness.
The second person, a 28-year-old male, worked in the cholesterol 
department of the packing plant for a period of 5 months. He complained of 
epigastric pain of 4 days' duration, nausea and vomiting for several days, 
and sleeplessness for 2 nights. Physical examination revealed a marked
nystagmus to the left, fine tremor of the tongue, an injected and dry
pharynx, chronic bronchitis, and a sluggish patellar reflex. [90]
A 55-year-old man died in 1942 after working 4-5 days with a varnish
containing what was described as solvent benzol, testbenzin, and ethylene 
dichloride. [92] On the last work day, he was exposed for 5 hours to 
ethylene dichloride in a poorly ventilated pit. After work, he had to be 
carried home where he developed nausea, vomiting, and inflammation of the 
mucous membranes. He died the following day. Autopsy findings included 
bronchial irritation, fatty degeneration of the liver, and multiple
petechial hemorrhages. Death was attributed to inhalation of the 
combination of solvents.
The following year, 1943, Byers [93] reported that many persons 
exposed to ethylene dichloride reported delayed effects with the worst 
effects occurring after the evening meal. These varied from lassitude and 
malaise to nausea, vomiting, and abdominal pain. Byers [93] further 
stated that these workers were exposed at concentrations only slightly 
higher than 100 ppm for 7.5 hours daily when these symptoms were reported, 
and that the addition of ventilation which reduced the concentrations to an 
average of 70 ppm alleviated some but not all of the complaints.
In a 1947 letter to the Journal of the American Medical Association, 
Siegel [94] stated that a patient chronically exposed to ethylene 
dichloride as a finisher on celluloid products complained of nausea and 
weakness for several hours after contact with the fumes. His liver was 
also reported to be palpable about 2 inches below the costal margin.
In discussing health hazards in the pharmaceutical industry, Watrous 
[95] mentioned in 1947 that men working with ethylene dichloride developed 
symptoms referable to the gastrointestinal tract suggesting to him slight 
liver damage. These symptoms included anorexia, a heaviness in the 
epigastrium, and fatigue. Watrous [95] also stated that the urine may give 
a positive test for urobilinogen.
Rejsek and Rejskova [96] in 1947 reported 3 cases of poisoning in a 
printing shop in which a solution containing 95% ethylene dichloride was 
used frequently to wash rollers. The symptoms included irritation of the 
conjunctiva and mucous membranes of the respiratory tract, and an 
excitation resembling that of the early stages of alcohol intoxication.
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The authors [96] estimated that the concentration at which the workers had 
been exposed was about 2,500 ppm (10 mg/liter) during the cleaning process.
Neurologic effects in 2 workers chronically exposed to ethylene 
dichloride were reported by Guerdjikoff [97] in 1955. The workers were 
involved in the manufacture of hexachlorophene. Ethylene dichloride was 
used as a catalyst in the process. Exposure to ethylene dichloride 
occurred at various times during the process.
Exposures associated with adding ethylene dichloride, 
trichlorophenol, and sulfuric acid to the reaction vat occurred for 2-3 
minutes several times a day for a total of about 30 minutes. During the 
filling operations, the ethylene dichloride exposure concentrations were 
not measured but the worker wore an air-supplied face mask. In another 
operation which lasted 10 minutes 3-4 times/day, the exposure concentration 
of ethylene dichloride was about 120 ppm. Another exposure occurred daily 
for 10-15 minutes when the ethylene dichloride pipe was cleaned. The 
exposure concentrations during this time were not measured but Guerdjikoff 
[97] considered that they were more than 120 ppm.
The first person worked under the described conditions for 9 months. 
After 3 weeks, he experienced anorexia, epigastric pains, fatigue, 
irritability, and nervousness. As the exposure progressed he also 
developed headaches, sexual impotence, insomnia, feelings of drunkenness, 
and tingling sensations of the eyes. Examination revealed a 6-kg weight 
loss over 6 months, exaggerated dampness of the skin, deviation to the 
right in a blind walk, and a slight trembling of the hands. After 15 weeks 
of rest and treatment, the patient returned to work. [97]
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V
The second case reported by Guerdjikoff [97] involved a worker who 
replaced the first worker. He was employed for 7 months. During that time 
he gradually experienced progressive difficulty in walking and other 
symptomatology similar to the first case. Neurological examination 
revealed sensory and motor abnormalities of the right cerebral hemisphere. 
Variability in the patient's responses and a psychiatric examination led to 
the conclusion that the patient suffered from initial sensory-motor 
disturbances followed by post-traumatic neurosis. The neurosis was still 
being treated 2 years after the exposure ceased. [97]
Delplace et al [98] reported in 1962 that they observed 16 cases of 
industrial intoxication due to ethylene dichloride in 1960 and 1961. In 5 
cases, encephalitic disorders were noted, 2 were accompanied by respiratory 
difficulties, and 2 by digestive problems. The other 11 complaints were of 
eczema of the hand and arm which appeared within the first year of 
exposure. No exposure concentrations and no information of the types of 
exposures were given.
Ethylene dichloride was reported by Urosova [99] in 1953 to appear in 
the milk of nursing women who were occupationally exposed to ethylene 
dichloride through inhalation and skin absorption. In one experiment, 
Urosova [99] analyzed exhaled breath and milk samples taken immediately, 
after 30 minutes, 1, 1.5, 2, and 2.5 hours after the women left work.
Exposure was assumed to be by skin absorption since gas masks were worn. 
Data were not presented, but it was stated that the concentrations of 
ethylene dichloride in milk increased after leaving work, reached a maximum 
after one hour, then diminished. The amount of ethylene dichloride in 
exhaled breath samples was highest just after exposure, then decreased with
In a second investigation, Urosova [99] measured the amounts of 
ethylene dichloride in milk and breath samples of a woman exposed at 
approximately 15.5 ppm (0.063 mg/liter) for an unspecified amount of time. 
The concentration in the breath was 14.5 ppm (0.058 mg/liter) and the 
concentrations in milk were found to be 0.54, 0.57, and 0.64 mg/100 ml. 
Eighteen hours after the woman left work, 0.195-0.63 mg/100 ml ethylene
dichloride were found in her milk and 2-4 ppm (0.009-0.017 mg/liter) were 
found in her breath.
Suveev and Babichenko [100] reported in 1969 on 12 cases of ethylene 
dichloride poisoning observed over a 5-year period. Eleven men and one
woman had become intoxicated while working indoors; the type of work and 
the time of exposure were not specified. The first symptoms to appear were 
headache, dizziness, irritation of the mucous membranes of the upper 
respiratory tract, a sweet taste in the mouth, and a burning sensation 
behind the sternum. They became nauseated 1-2 hours after the poisoning 
and vomited. The vomitus contained blood. They also developed pain in the 
substernal region, cough, weakness, and a partial loss of orientation.
All victims were brought to the clinic where they were found to be 
pale and in a cold sweat. Nine of the 12 patients had bradycardia (40-52 
beats/minute) and 3 had tachycardia (up to 120 beats/minute). The blood 
pressures ranged from 100/60 to 80/40, heart sounds were muffled, and 5 
patients had systolic murmur. Respiratory rate ranged from 30 to 
40/minute, whistling sounds and rales were heard over the chest, the tongue 
was coated and dry, and there was epigastric pain. In 9 patients, the 
livers were enlarged by 2-5 cm and were soft and tender to pressure. After 
2-3 days, 5 persons had diarrhea and in 3 of these the stool was mixed with
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blood. Effects on the nervous system were also reported, including 
deafness, decrease in muscle tone, loss of reflexes, and a positive 
Romberg's sign. [100]
(e) Experimental Investigations
Borisova [4,101] studied the physiological effects of low concentra­
tions of ethylene dichloride on man by determining the odor threshold, 
light sensitivity of the eye, and by plethysmographic and spirographic 
observations. To determine odor threshold, 20 subjects were used to make 
1,256 tests. Thirteen subjects could detect ethylene dichloride at a 
concentration of about 6 ppm (23.2-24.9 mg/cu m), 6 persons could detect it 
at 4.5 ppm (17.5 mg/cu m), and 1 person at 3 ppm (12.2 mg/cu m).
An adapter was used to determine the intensification of light 
sensitivity during exposure to ethylene dichloride. Three persons were 
exposed at concentrations varying from 1 to 12.5 ppm (4-50 mg/cu m). The 
threshold at which light was perceived was lower during exposure to 
ethylene dichloride. As the concentration of ethylene dichloride increased 
from 1.5 to 12.5 ppm (6-50 mg/cu m), the threshold of perception decreased. 
At the concentration of 1 ppm (4 mg/cu m), there was no change in the light 
sensitivity of eyes. [4,101]
The effect of ethylene dichloride on the vascular system was inves­
tigated with the use of a plethysmograph, which enabled Borisova [4,101] to 
observe pulse fluctuations and changes in blood volume in limbs. Four sub­
jects inhaled ethylene dichloride vapor concentrations of 1.5, 3, 6, and
12.5 ppm (6, 12, 23, and 50 mg/cu m) for 30 seconds or 15 minutes. A 30-
second exposure at 1.5 ppm (6 mg/cu m) resulted in a temporary 
vasoconstriction in all 4 subjects. Exposure at 3 ppm (12 mg/cu m) caused
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an even greater reaction in the vessels of the fingers of all subjects, and 
further observations at higher concentrations showed that the degree of 
response was proportional to the exposure concentration. [4,101]
Changes in respiration were also observed. Spirograms were obtained 
by introducing a tube into the nostril of each subject. Concentrations of 
1, 1.5, 3, 6, and 12.5 ppm (4, 6, 12, 23, and 50 mg/cu m) were administered 
for 1 minute and concentrations of 1.5 ppm (6 mg/cu m) and greater produced 
a change in the depth of breathing as indicated by an increase in the 
height of the wave on the spirogram. [4,101]
Epidemiologic Studies
DiPorto and Padellaro [102] reported in 1959 on a study of 48 cases 
of poisoning by a fumigant containing 75% ethylene dichloride and 25% 
carbon tetrachloride. In 28 persons the effects were very mild, in 16 they 
were moderate to severe, and 4 persons died after exposure. Clinical 
findings included acute hepatorenal insufficiency with vomiting and 
circulatory failure; there was oliguria or anuria with urobilin albumin, 
casts, and blood cells being found in the urine. Necrotic and hemorrhagic 
lesions in the centrilobular cells of the liver, necrosis of the convoluted 
tubules of the kidneys, and proliferative changes in the glomeruli 
including many multinucleated cells were found in fatal cases.
Hematologic changes in ethylene dichloride workers were studied by 
Khubutiya in 1964. [103] Hemoglobin, red blood cell count, color index, 
and blood cell morphology were recorded. The presence of hyperchromic 
erythrocytes without megaloblasts in 29.2% of the red blood cells was 
reported in the workers examined. It was also reported that 48.9% of the
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cases (the total number of workers was not stated) showed moderate and high 
figures for sedimentation rate induced by the increase in blood globulin, 
according to the author. [103] Leukopenia occurred with a reduction in the 
number of absolute neutrophils, with relative neutrophilia, and with 
absolute lymphopenia. The number of workers showing these blood changes 
was not mentioned. Cases of moderate and marked monocytosis were frequent 
and platelets were reduced. Turk cells were present in the peripheral 
blood in 18.8% of the cases. The author [103] concluded that the 
monocytosis and the presence of Turk cells was due to stimulation of the 
reticuloendothelial system, as a result of long exposures to ethylene 
dichloride. The concentrations to which these workers were exposed were 
not reported.
In 1959 Cetnarowicz [9] published a study of an oil refinery in 
Poland. The plant had introduced a new method of purifying mineral oils 
("Barisol") which included mixing the oils with a solvent containing 80% 
ethylene dichloride and 20% benzene at 40 C. [9] The mixture was then 
cooled to -25 C and the paraffin was precipitated by centrifuging. After 
using the method for 6 months, the plant management requested that the 
Department of Occupational Diseases of the Cracow Academy of Medicine 
investigate the possibility of ethylene dichloride poisoning occurring in 
the workers. The concentration measurements were performed by the 
Institute of Occupational Medicine in Lodz.
Environmental concentrations ranged from 10 ppm (0.04 mg/liter) to 
200 ppm (0.8 mg/liter). Repeated measurements in 4 work areas, as presented 




DICHLORIDE IN WORKROOM AIR
Location ppm (mg/liter)
Centrifuge room 64(0.26) 62(0.25) 200(0.8)
Pump room 1 16(0.066) 10(0.04) 17(0.07)
Pump room 2 25(0.10) 13(0.053) ----
Crystallization room 30(0.12) 37(0.15)
Derived from Cetnarowicz [9]
Benzene concentrations were in the range of 0.01-0.025 mg/liter (the 
current US federal standard is 0.08 mg/liter) and the authors considered it
to be an insignificant contribution to any toxicity hazard. The ethylene
dichloride concentrations, on the other hand, exceeded the maximum 
permissible concentration at that time of 12.5 ppm (0.05 mg/liter) In all 
but one measurement. Within the plant, the highest excursions were 
experienced in the centrifuge room. [9]
In order to investigate the possibility of ethylene dichloride 
poisoning, Cetnarowicz [9] examined a total of 42 workers from this plant. 
Six persons, seen in the plant clinic, complained of a sweetish aftertaste, 
dizziness, nausea, vomiting, and lack of appetite. Two of them had pain in 
the epigastrium and 3 had insignificantly enlarged livers which were tender 
to pressure. Cetnarowicz [9] judged that further clinical investigations 
were necessary and initiated a comprehensive study of 19 members of 1 
shift.
The crew consisted of 18 men and 1 woman, ranging in age from 19 to
48 years. Medical examinations excluded 2 men from further study because
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chronic appendicitis and a duodenal ulcer were found. The woman was 
excluded because of chronic cholecystitis and chronic ovaritis. The 16
remaining workers had been employed in the "Barisol" section of the plant 
for 2-8 months; 10 worked in the centrifuge room. Four of the workers in 
the centrifuge room did not complain of any symptoms; the other 6 stated 
they had dryness of the mouth, an unpleasant sweetish aftertaste, dizziness 
(compared to that state attained from vodka drinking), lassitude, sleepi­
ness, nausea, vomiting, constipation, and poor appetite which was contri­
buting to weight loss. All 10 workers from the centrifuge room had a 
burning sensation of the eyes and lacrimation which disappeared as they 
adapted to the atmosphere. Three workers also complained of pain in the 
epigastrium. All symptoms disappeared when the workers were removed from 
the workplace but returned when the workers were again exposed to the 
ethylene dichloride-containing atmosphere. Of the 6 workers employed in 
the pump and crystallization rooms, only one complained of the above- 
mentioned symptoms. [9]
Physical examinations indicated a general reduction in body weight of 
2-10 kg below the expected weight. One worker had slight icteric color­
ation of the skin. Ophthalmologic examination revealed no eye damage and 
examination of the upper respiratory tract, lungs, and heart showed no 
significant changes. Four persons employed in the centrifuge room had 
livers which were tender when palpated and minimally enlarged, and 7 others 
had tenderness of the epigastrium.
Investigations by the Neurologic Clinic of the Medical Academy showed 
that 3 persons had augmented reflexes and what was reported as vegetative 
neurosis. Cetnarowicz [9] also reported that the majority of individuals
49
had elevated urobilinogen levels in the urine and in 3 of these the levels 
were grossly elevated. Blood analysis of 13 workers revealed normal 
erythrocytes and hemoglobin (Hgb) except in one worker with moderate 
hyperchromic anemia (3,430,000 erythrocytes/cubic mm and 60% hemoglobin). 
Reticulocytosis was found to average 0.1-0.3%, and in 4 persons ranged from 
0.9 to 1.1%. The osmotic fragility of erythrocytes in sodium chloride was 
diminished in 6 workers, and one worker had slight leukocytosis (11,200/cu 
mm). The number of platelets was in the normal range in all but 2 workers 
(40,000-55,000/cu mm). A decrease to 50% polymorphonuclear neutrophils was 
found in one case and 40% in another. The number of lymphocytes oscillated 
around 45% and the number of monocytes varied around 16%. Six workers had 
increased number of neutrophils in the range of 70-78% with lymphocytes in 
the range of 15-25%. The numbers of monocytes in all investigated workers 
were in the upper part of the normal range. In general, only 9 workers in 
the investigated group had a normal percentile distribution of white blood 
cells. [9]
Bone marrow analysis in 5 workers showed an increased number of 
erythrocytes, increased percentage of polymorphonuclear neutrophils, and a 
mild stimulation of erythropoiesis with a less significant increase of 
leukopoiesis. It seems more likely that many of the blood changes reflect 
benzene poisoning rather than ethylene dichloride poisoning.
Chemical analyses of the blood were also done and abnormal values 
were found; serum bilirubin at 2.3 mg% in one worker, blood nonprotein 
nitrogen at 55 mg% in one worker, albumin in 6 workers had diminished 
amounts, globulin in 8 workers showed an increase, and fibrin content of 
the blood was diminished in 3 workers.
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The Takata-Ara test of liver function was positive in A workers and 
borderline in 5 others, and the cadmium turbidity test was negative in 5 
workers, borderline in 5, positive in 3, and strongly positive in 3 others. 
Blood glucose values were within normal limits for all workers, but in 8 
persons, the glucose tolerance test showed a delayed return to normal 
values. X-rays of the gastrointestinal tract showed what was reported as 
chronic catarrh of the stomach with atrophy of the mucous membrane in 6 of 
the 16 workers and, in 3 of them, periodic spasm of the pylorus was also 
reported. [9]
A 35-year-old worker who had been employed for A months and who 
cleaned the centrifuges had the greatest degree of impairment of hepatic 
function, with icterus, an enlarged and tender liver, and highly elevated 
urine urobilinogen. Values obtained during blood analyses were generally 
within normal ranges except for a slight decrease in reticulocytes (0.2%), 
a slight increase in neutrophils (71%), a slight decrease in lymphocytes 
(19%), decreased albumin, and increased globulins. Bone marrow showed a 
mild stimulation of erythropoiesis. A glucose tolerance test showed a 
prolonged, elevated glucose level in the blood. The Takata-Ara and cadmium 
turbidity tests were strongly positive. Some of these blood and bone 
marrow changes may be caused by benzene. Bleeding time was A.5 minutes, 
coagulation time was 7.5 minutes.
In his summary, Cetnarowicz [9] concluded that individual variation 
and susceptibility resulted in a range of effects but that in half of the 
crew (3/A of those in the centrifuge room) liver function was compromised. 
In addition, there were changes in the gastrointestinal tract, sinus 
bradycardia in a third of the workers, and a variety of effects on the
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hematopoietic system. He proposed to study the effect of a protective diet 
containing high levels of sulfhydryl groups on the health of the Barisol 
plant workers. By the time of this recommendation, the concentrations of 
ethylene dichloride in the workplace had been partially controlled but were
still above permissible levels, and the entire crew had been replaced. For
6 months, 16 men and one woman had a diet supplemented with 5 mg 
methionine, choline, and 40 mg vitamin C. Nine of the workers were
employed in the centrifuge room and 8 in other locations for an average of
8-12 months. Consequences of the dietary change are not apparent.
In 1954, Brzozowski et al [104] reported the work practices and 
health status of agricultural workers using ethylene dichloride as a 
fumigant in Poland and stated that skin absorption of ethylene dichloride 
was primarily responsible for producing symptoms such as nausea, weakness, 
and abdominal pain. It was reported that ethylene dichloride was brought 
to the fields in barrels and poured by hand into buckets. The worker 
handling the bucket had his face extremely close to the barrel during 
pouring and was therefore exposed to a high concentration. Workers then 
carried the open buckets to the place of application, meanwhile spilling 
quantities of the insecticide on their clothes and shoes. These clothes, 
often soaked with ethylene dichloride, were not changed. The actual 
application involved pouring the ethylene dichloride into a series of 
holes. Furthermore, the authors [104] stated that the workers used 
ethylene dichloride to wash their skin. This seems to confirm that skin 
absorption probably was as significant a contribution to exposure as 
inhalation.
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An environmental sample representative of the working zone was col­
lected in an unstated medium by midget impingers and analyzed by a 
modification of the alkaline hydrolysis method. Since the workers did not 
stay at one location for a sufficient amount of time to collect an entire 
sample, the collection apparatus was moved from place to place following 
the workers. Consequently, one environmental sample was collected from 10 
locations. The concentration was found to be 4 ppm (16 mg/cu m). Because 
of the practical difficulties of sample collection, conditions were
simulated in the laboratory and air was sampled and analyzed, resulting in 
concentrations of about 14.5-15 ppm (58-60 mg/cu m). A sample taken during 
the pouring of ethylene dichloride into buckets, considered to be the 
maximum exposure of a worker, was found to have 60 ppm ethylene dichloride. 
[104]
To establish the health status of the workers, the following in­
vestigations were performed: medical examinations, patch tests to detect
sensitization, urinalyses and tests of liver function. Blood counts were 
also performed but the data were not reported. [104]
Among 118 workers using ethylene dichloride, signs and symptoms were 
reported in 90 persons, the most common being conjunctival congestion (82 
of the workers), weakness (54), reddening of the pharynx (50), bronchial
symptoms (43), metallic taste in the mouth (40), headache (39), 
dermatographism (37), nausea (31), cough (30), liver pain (29), burning 
sensation of the conjunctiva (24), tachycardia (21), and dyspnea after 
effort (21). [104]
The amounts of ethylene dichloride found in the urine of workers were
not reported, but it was stated that ethylene dichloride was excreted very
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fast, and that the amounts excreted did not correlate with the appearance 
of clinical symptoms. The Quick test for hippuric acid was used to measure 
liver function, and significantly abnormal findings were reported to occur 
in 40 of 56 investigations. Further detail was not reported. To determine 
skin sensitization, a piece of gauze was soaked in a 0.1% solution of 
ethylene dichloride in alcohol and was taped to the arm. The result was 
read after 40 hours, and in all cases the tests were negative. The same 
test was repeated using a 50% solution of ethylene dichloride in soybean 
oil and the results were again negative. [104]
The authors [104] concluded that the poor work practices including 
the spilling of ethylene dichloride on clothes and skin contributed 
significantly to the workers' exposure. They recommended the use of 
protective clothing and correction of work practices to decrease the 
exposure by skin absorption.
Rosenbaum [88] reported that in 100 factory workers exposed to 
ethylene dichloride for 6 months to 5 years at concentrations not in excess 
of 25 ppm (0.1 mg/liter), there were no changes in the blood or internal 
organ functions. However in a number of workers, there were nervous system 
functional disturbances of varying intensity. These disturbances included 
what was called heightened lability of the autonomic nervous system, 
diffuse red dermographism, muscular torus, bradycardia, increased hidrosis, 
and frequent complaints about fatigability, irritability, and 
sleeplessness. Information about the method of measuring ethylene 
dichloride was not given in the report.
The h ealth of workers chronically exposed to ethylene dichloride in 
the Russian aircraft industry was studied for the years 1951-1955 and
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reported in 1957 by Kozik. [105] The workers of concern comprised a large 
group employed in the shop where soft tanks were produced. Most of the 
workers in this shop were gluers who assembled the metal forms and attached 
rubber parts to them. A small number worked inside the completed tanks to 
dissassemble the forms. Rubber sheets were spread on tables situated in 4 
rows and the metal forms were placed along the tables. During application 
of the glue to the large rubber sheets, ethylene dichloride, whe solvent 
for the glue, was emitted to the air. The exit ducts of the ventilation 
system were located in the floor between the rows of tables and metal 
forms.
About 500 ethylene dichloride measurements were reported to have been 
taken for various purposes. The data for 3 operations in the shop are 
presented in Table XII-3 and summarized in Figures XII-1 and XII-2. 
Although the sampling and analytical methods were not mentioned, the design 
of the study and the extensiveness of the data presentation lend 
credibility to the study.
During application of the glue to the rubber sheets, concentrations 
of 5-40 ppm were reported. The author [105] reported that concentrations 
of 22-40 ppm were maintained for 5-6 minutes, after which they decreased to 
17-22 ppm as the glue dried, and by the end of drying to 7.5-10 ppm, in 15 
minutes. The gluing was done in the 1st half of the shift and the dried 
sheets were placed on the forms in the 2nd half. The author estimated that 
the array of ethylene dichloride concentrations reported for the gluing and 
drying operations occurred during 70-75% of the time. It can be estimated, 
from the data presented, that about 44% of the total exposure occurred 
during the gluing operations (Figure XII-2) when the TWA concentration was
about 28 ppm during application of the glue, and about 16 ppm when the gl ie
was drying. During the 2nd half of the shift when other operations were
performed, the ethylene dichloride concentration was about 11 ppm, and f >r 
the total shift the TWA was about 15 ppm.
A study was made of morbidity and temporary loss of working capacity
in the group of workers engaged in the production of soft tanks and in t ie 
entire factory for the years 1951-1955. The morbidity indices are 
presented in Table III-2.
TABLE III-2










































































































For each disease category considered, total morbidity, acute 
gastrointestinal disorders, neuritis, radiculitis, and other diseases, the 
indices of both cases of morbidity/100 workers and days of temporary loss 
of working capacity/100 workers were greater in the soft-tank shop than 
throughout the factory in each year, except cases of acute gastrointestinal 
disorders in 1953. Diseases of the muscles, tendons, and ganglia were
considered by Kozik [105] to be associated with the many repetitive motions 
the workers had to make when applying the glue.
Eighty-three of the gluers were examined by the Department of
Occupational Diseases of the Central Institute for Postgraduate Medicine. 
Diseases of the liver and bile ducts were found in 19 of the workers, 
neurotic conditions were found in 13, autonomic dystonia in 11, asthenic 
conditions in 5, and goiter and hyperthyroidism in 10 workers. Visual- 
motor reactions at the beginning and end of the working day were studied 
for 14 days in 17 gluers and 10 control machinists from the mechanical 
shop. The author stated that simple reaction, a complicated light
differentiation reaction, and modifications of a complicated reaction were 
used; details of the tests were not given. The average values of the 
speeds of reaction were reported to have shown no substantial differences 
in the 2 groups before and after work. However, in the case of the
complicated reaction, the majority of gluers made errors compared to no 
errors by the machinists. With the modified complicated reaction, 4 of 10 
machinists made errors, but only at the end of the workday. Errors were 





In 1930, Sayers et al [42] exposed guinea pigs to ethylene dichloride 
to determine the acute effects resulting from a single exposure. The
guinea pigs were exposed in groups of 3 or 6, for varying periods of time
up to 8 hours. The exposure concentrations ranged from 600 to 60,000 ppm.
The progression of pathological effects was observed by killing 1/3 of each
group immediately after removal from the exposure chamber, 1/3 after 4 
days, and 1/3 at the end of 8 days provided they did not die sooner.
Control animals were also killed at these times. All the animals were
killed by injecting 2 ml of saturated magnesium sulfate directly into the
heart. Sayers [42] did not discuss gross or microscopic effects of
ethylene dichloride on the heart.
The usual order of occurrence of signs of poisoning exhibited by the 
exposed animals were eye and nasal irritation manifested by squinting and 
lacrimation of the eyes and rubbing of the nose, apparent vertigo, static 
and motor ataxia, retching movements, apparent unconsciousness, 
incoordination of extremities, and marked changes in the respiration. T42] 
Exposures at 60,000 ppm caused all these signs to occur in less than 
10 minutes, and death in 30 minutes. Exposure at 10,000 ppm caused the
signs to occur in 25 minutes with the possibility of death occurring a day
or more following an exposure of 15-20 minutes. No signs of poisoning or
deaths occurred following exposure at 1,200 ppm for 8 hours. In animals 
that died during exposure, congestion and edema of the lungs and
generalized passive congestion throughout the visceral organs were found. 
[42]
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Pulmonary congestion and edema and renal hyperemia were found in 
animals that died 1-8 days after the end of exposure. In animals killed 
immediately after exposure, there was congestion of the liver, spleen, 
lungs, and kidneys. In animals killed 3-4 days after exposure, the kidneys 
were hyperemic and the congestion and edema of the lungs were more 
pronounced than in those killed immediately after exposure. These 
conditions were partially resolved by 8 days after the end of exposure. 
Pulmonary involvement varied from mild congestion to actual scattered 
hemorrhages. [42] The severity of the pathological changes was proportional 
to the exposure time and concentration.
There was generalized visceral congestion, slight to moderate hepatic 
necrosis, and slight fatty degeneration of the renal tubular epithelium in 
the experiment reported in 1945 by Heppel et al [106] in rabbits, rats, and 
mice that died after exposure at 3,000 ppm ethylene dichloride for 7 hours. 
In addition to these effects, focal necrosis of the adrenal cortex, 
sometimes with hemorrhage, was found in guinea pigs exposed in the same ex­
periment. In yet another exposure of guinea pigs at 3,000 ppm, Heppel et 
al [106] found fatty degeneration of the myocardium in 7 of the 8 animals. 
Single exposures at 3,000 ppm for 2-7 hours caused death of 75-100% of 
rabbits, guinea pigs, hogs, mice, and rats within 5 days. The 3 cats and 2 
raccoons did not die from the exposure.
Hemorrhaging in the lungs, stomach, intestines, and adrenals, fatty 
degeneration of the myocardium, degenerative changes of the renal tubules, 
and congestion of the liver and intestines were common observations in 
rats, guinea pigs, rabbits, and dogs exposed at 1,500 ppm for 7 hours 
daily. Some animals of all exposed species had died after the first or
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second exposure, and all exposed animals had died after 6 exposures except 
one rabbit and one dog. [106]
In 1946, Heppel et al [107] reported that most animals died when 
exposed at 1,000 ppm for 7 hours/day, 5 days/week. All 22 exposed mice 
died after a single exposure. One monkey died after 2 exposures and the 
other died after 32 exposures. Twenty of 26 rats, 5 of 6 rabbits, 36 of 41 
guinea pigs, 2 of 6 dogs, and 2 of 6 cats died from exposure. The 
pathological changes were quite variable. In some rats and in the monkeys, 
there were degenerative changes in renal tubular epithelium, in 2 rats 
there was pulmonary congestion with focal extravasation of blood. 
Congestion and fatty metamorphosis of the liver were found in the 6 cats, 
and necrosis and fatty degeneration of the liver were found in the other. 
Focal myocarditis was found in one monkey and one dog. Chronic splenitis 
was present in all 26 rats. [107]
Mortality was also high in rabbits, guinea pigs, and rats exposed 
repeatedly 7 hours/day, 5 days/week for 177 days at 400 ppm by Heppel et 
al. [107] Pathological findings in animals that died or were killed were 
limited in number but varied widely, including pulmonary congestion in 
rats, and diffuse myocarditis and slight to moderate fatty degeneration of 
the liver, kidney, and heart in one rat. There was slight to moderate 
fatty degeneration of the liver and kidney in 5 guinea pigs, and slight 
fatty degeneration of the heart in two. Slight fatty metamorphosis of the 
livers was found in 5 dogs and of the kidney in one. [107]
Mortality in mice, rats, and guinea pigs continued to be high when 
the exposure concentration was reduced to 200 ppm for 7 hours/day, 5 
days/week. [107] The 5 rabbits and 2 monkeys all survived 125 exposures, as
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did 9 of 14 guinea pigs. Five of 12 Wistar strain rats survived 86 
exposures and 4 of 12 Osborne-Mudd strain raus survived 28 exposures. 
Pathological findings were limited to pulmonary congestion in a few rases, 
fatty degeneration of the renal convoluted tubules in a rat, necrosis and 
hemorrhage into the liver and necrosis of the adrenal cortex in a guinea 
pig, and fine fat droplets in the liver and myocardium of both monkeys.
Thirty-nine rats and 16 guinea pigs were exposed at 100 ppm ethylene 
dichloride for 7 hours/day, 5 day/week for 4 months without any observed 
effects on clinical examination or at necropsy. [107]
Spencer et al [108] reported in 1951 on the results of a large number 
of single exposures of rats to ethylene dichloride. The exposure 
concentrations ranged from 200 to 20,000 ppm and the exposure times from 
0.1 to 7 hours. No deaths were observed with exposure at 300 ppm for 7 
hours. The authors [108] concluded that exposures at 300 ppm for 5.5 hours 
had adverse effects, but, from the way the data were presented, it is not 
possible to determine what these effects were. The authors [108] also 
concluded that a single exposure at 200 ppm for 7 hours had no adverse ef­
fects, but did not present the data from which this conclusion was reached.
Rats, guinea pigs, rabbits, and monkeys were exposed at 400 ppm 
ethylene dichloride 7 hours/day, 5 days/week for various periods. All 
female rats were killed by the 10th exposure and all males by the 40th 
exposure. All male guinea pigs were killed by the 10th exposure and all 
females by the 24th. One female and 2 male rabbits were exposed 165 times. 
The 2 monkeys were severely affected and were killed after 8 and 12 
exposures. There were no pathological findings in the rabbits. 
Microscopic findings were slight cloudy swelling of the livers with a few
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large fat vacuoles in rats and guinea pigs, and slight to moderate swelling 
of the renal tubular epithelium of the guinea pigs. The monkeys showed 
fatty degeneration of the liver and kidneys and increased plasma 
prothrombin time. [108]
Exposures of rats at 200 and 100 ppm were reported to be without 
effect. [108] Groups of 15 male and 15 female rats tolerated 151 exposures 
at 100 ppm. There was no evidence of adverse effects as judged by general 
appearance, behavior, mortality, growth, organ function, or blood chemistry 
at either exposure concentration.
Guinea pigs exposed 180 times at 200 and 100 ppm did not grow as well 
as the controls and had increased liver weight to body weight ratios. 
Ocher findings were normal. [108]
Hofmann et al [109] in 1971 reported one exposure of 4 cats, 4 
rabbits, 10 guinea pigs and 10 rats at 500 ppm ethylene dichloride for 6 
weeks. The exposures were for 6 hours/day, 5 days/week. A similar group 
of animals was also exposed at 100 ppm in the.same way. At 500 ppm, 3 of 
the 4 rabbits died after 10-17 exposures; 9 of the 10 guinea pigs died 
after 4-14 exposures; the rats died after 1-5 exposures; all cats survived 
30 exposures. At 100 ppm, there were no deaths.
At necropsy, dilated hearts were found in all cats and rabbits 
exposed at 500 ppm. Rats had hyperemia of the lungs and sometimes low 
grade edema. Fatty degeneration and necrosis of the myocardium, liver, 
kidney and adrenals were found in rats and guinea pigs. Blood urea rose to 
114 mg/100 ml in cats. [109]
At 100 ppm, no pathologic changes were found at autopsy. One of the 
4 rabbits showed a rise in blood urea and creatinine which the authors
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[109] considered of doubtful relevance. The exposed cats did not grow as 
well as the control cats.
Groups of 10 rabbits were exposed at 3,000 ppm ethylene dichloride 
for 4 hours/day (acute exposures) and other groups of 10 were exposed at 
3,000 ppm for 2 hours/day, 5 days/week for 90 days (chronic exposures). The 
results were presented in a series of reports in 1959 by Lioia et al [110, 
111,112,114] and Guarino et al. [113] In acute exposures, no significant 
changes of the blood or bone marrow cells were found except for 
granulations in about 20% of the granulocytes. [110] In chronic poisoning 
there was constant anemia of varying degree accompanied by leukopenia and 
thrombocytopenia, and there was frequent hypoplasia of granuloblastic and 
erythroblastic parenchyma in the bone marrow. [110] Cytochemically, a 
reduction in leukolipids was found, but there was no change in
polysaccharides, peroxidase, or ribonucleic acid. [Ill] Liver function 
tests showed a decrease in the albumin-globulin ratio, slightly elevated 
BSP retention, slightly elevated values in colloidal tests (cadmium and 
cholesterol), and normal Van den Berg and blood amino acid levels. [112] 
Histologically, congestive changes, vacuolar degeneration, and limited 
necrotic areas were found on microscopic examination of the livers and
kidneys. [113] Kidney function was impaired as determined by creatinine
clearance, portal blood flow, and glomerular filtration rate. [114]
Loscalzo et al [115] in 1959 reported a study of respiratory
functions and arterial blood pressure changes during inhalation of a fatal 
concentration of ethylene dichloride and found a continual fall in blood 
pressure and the development of respiratory paralysis.
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Dmitrieva and Kuleshov [116] studied the action of ethylene 
dichloride on 18 albino rats exposed at 1,235 ppm (5 mg/liter) over 3.5 
months and reported their findings in 1971. Neither the number of 
exposures nor their duration and frequency were reported. 
Electroencephalograms of the animals were taken before exposure and once 
monthly during the exposure time. Silver and platinum electrodes were 
implanted in the skulls of the animals, and the assimilation of a rhythmic 
photic stimulus of constant intensity and pulse duration was the criterion 
for evaluation.
The EEG of animals exposed to ethylene dichloride showed a high 
degree of preservation of the frequency of rapid activity. The oscillation 
amplitude diminished progressively, the delta rhythm amplitude reached 50- 
70 fiV (control values of delta rhythm were not given) and the beta rhythm 
amplitude decreased to 10-15 juV from 30-80 pV (amplitude of the control 
beta rhythm). The authors also noted loss of capacity to assimilate an 
imposed rhythm toward the end of the exposure. [116]
Andreuzzi and Capodaglio [117] reported in 1958 a study of the 
cardiovascular effects of acute inhalation to a fumigant insecticide 
containing 70% ethylene dichloride and 30% carbon tetrachloride at a 
concentration of 4,800 ppm in 8 rabbits. The responses of the 
cardiovascular system of intact animals was compared with those of heart- 
lung preparations from an additional group of 8 rabbits. The intact 
animals were sedated with pentobarbital (5 mg/kg), their tracheas were 
intubated, and artificial respiration was maintained during the experiment. 
The second group of 8 rabbits was anesthetized by injection of 0.1 g/kg of 
chloralose or 0.03 g of pentothal and ventilated in the same manner as the
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first group. In these animals, a Sterling heart-lung preparation separated 
the heart and lung from the rest of the body. Ethylene dichloride was then 
administered to both groups of animals via a respiratory pump.
The cardiac output, measured in the heart-lung preparation, fell 
rapidly after the onset of exposure from 60 ml/minute to 20-30 ml/minute. 
In both groups of animals, there was a drop in blood pressure to a third of 
the preexposure value within one minute. The venous pressure increased 
simultaneously with the reductions in cardiac output and arterial pressure. 
After the initial drop in blood pressure, there was a continued gradual 
decrease to near zero in 4-6 minutes, and, in the heart-lung preparation, a 
gradual reduction in the systolic-diastolic pulse. In both groups of 
animals there were substantial ECG changes including arrythmias and changes 
in the repolarization phase (T wave). [117]
Since ethylene dichloride residues on grain feed can be a consequence 
of fumigation, Sykes and Klein [118] studied the accumulation of ethylene
dichloride in cow milk and reported the results in 1957. The ethylene
dichloride was administered in a solution of corn oil in the form of a
sealed gelatin capsule. Five cows were used in the 22-day study. Two cows
were fed ethylene dichloride equivalent to 100 ppm in the 7 kg of grain 
concentrate given dally, 2 cows were fed the equivalent of 500 ppm for the 
first 10 days of the study then 1,000 ppm for 12 days, and one cow served 
as a control. There was no reduction of appetite or milk production.
Seven milk samples were taken during the study period. In all ex­
perimental animals, the highest volumes of ethylene dichloride were found 
on the 2nd or 3rd sampling date, then the amounts in subsequent analyses 
gradually decreased. The concentrations of ethylene dichloride found in 
the milk are presented in Table III-3.
65
TABLE III-3
CONCENTRATIONS OF ETHYLENE DICHLORIDE IN COWS' MILK
















* Each value is the average for the 2 cows in each group.
Derived from Sykes and Klein [118]
The average control value was 0.06 ppm ethylene dichloride with a
reported range of 0 to 0.10 ppm. The authors [118] found recovery of
ethylene dichloride of 80% in the 1.5 ppm range and 90% in the 25-50 ppm
range.
Sykes and Klein [118] also investigated the possibility that ethylene
dichloride is degraded to a nonvolatile organic chlorine compound by the 
cow. No detectable amount of chloride could be found in milk from a cow 
fed 1,000 ppm ethylene dichloride for 12 days.
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Specific studies of teratogenic properties of ethylene dichloride 
were not found in the literature. However, in the chronic exposure 
studies reported by Heppel et al, [107] 2 litters of guinea pigs were
born during exposures of the parents to ethylene dichloride at 200 ppm. 
Three of the young guinea pigs were then subjected to 60 daily exposures 
at this concentration and survived. Fifteen of 16 female rats exposed to 
ethylene dichloride 7 hours/day, 5 days/week at 100 ppm became pregnant and 
some were bred twice. The young rats were exposed with their mothers after 
birth and their survival, growth and appearance were considered
satisfactory by the investigators. [107] There was no mention of 
abnormalities in the offspring.
Other information relative to exposure of pregnant females comes 
from the reports of Alumot et al. [119,120] These investigators were 
concerned with ethylene dichloride residues in grain. Groups of rats and 
chickens were fed grain containing 250 or 500 ppm of ethylene
dichloride. Because of the volatility of ethylene dichloride, the
animals' consumption of ethylene dichloride was 60-70% of the nominal 
amounts.
Ethylene dichloride had a noticeable effect on egg production and egg 
weights of Leghorn chickens. Both experimental groups showed a persistent 
decrease in egg weights in the 3rd month of full laying activity and this 
continued to the end of the 2-year trial. Egg production was decreased in 
the group receiving 500 ppm ethylene dichloride mash. This began in the 
4th month. The egg production was decreased because of both a decrease in 
the overall production rate and a decrease in the number of individual
hens. [119] There were no effects on the fertility of the roosters, or of
the eggs, or on hatchability.
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Fertility tests with rats began after 6 weeks on the experimental 
diets and were conducted at intervals of about 2 months thereafter. [120] 
Seven fertility tests were made in the 2 years of the study. There was no 
adverse effect of the diets on the reproductive activity of either sex. 
Abnormalities in the offspring were not mentioned.
Rats and mice were fed ethylene dichloride as part of the National 
Cancer Institute bioassay program (EK Weisburger, written communication, 
January 1976). Male mice were fed 100 and 200 mg/kg and female mice 
received 150 and 300 mg/kg. Both male and female rats were fed 50 and 100 
mg/kg. All feedings were 5 days/week for 78 weeks. At necropsy a few rats 
had tissue masses. No histopathological description was given, but most 
were reported as mammary tumors in the females. A few gross tumors were 
reported in the mice, but they were not further described.
(b) Metabolic Studies
Enzymatic dechlorination of ethylene dichloride was found to proceed 
slowly with an enzyme system prepared from rat liver by Heppel and 
Porterfield. [121] The enzyme system required activation by cyanide and 
either glutathione or cysteine, and was more active in nitrogen than 
oxygen. Using rabbit liver extracts, Bray et al [122] found less chloride 
liberated from ethylene dichloride after 4-24 hours of incubation than they 
found with any of the other 28 compounds they tested. These authors [122] 
were unable to conclude that the dechlorination was entirely enzymatic 
since they observed considerable dechlorination with most compounds without 
the liver extract. They [122] considered that the dechlorination reaction 
took place between the sulfhydryl compounds and the chlorine of the 
chlorinated compound. Van Dyke and Wineman [123] also found little
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dechlorination of ethylene dichloride with their rat liver microsomal 
enzyme system which was active with 1,1-dichloroethane, 1,1,2-
trichloroethane and 1,1,2,2-tetrachloroethane. This enzyme system required 
oxygen, NADPH, and small amounts of supernatant which was not glutathione.
A single oral dose of 4 mM/kg of ethylene dichloride to rats resulted 
in liver glutathione levels of 31-84% of control values when the rats were 
killed 2 hours later. [124] In this same experiment, it was found that 2- 
halogeno-ethanols were quite effective in reducing liver glutathione 
levels. 2-Chloroethanol at 0.67 mM/kg reduced the glutathione levels to
17% of control values. In an in vitro study, it was found that 2-
chloroethanol reduced NAD in the presence of rat liver supernatant.
Bondi and Alumot [125] found that an enzyme system from the soluble 
supernatant from rat liver catalyzed a reaction between ethylene dichloride 
and glutathione to a small extent. The products of the reaction were S- 
(beta-hydroxyethyl)glutathione and S,S-ethylene-bis-glutathione. The 
quantitative study by Yllner [126] showed that these compounds could only 
be minor components of the metabolites.
Yllner [126] found that ethylene dichloride was metabolized by mice 
to monochloroacetic acid through 2-chloroethanol. Using carbon-14 labeled 
ethylene dichloride administered in oral doses of 0.05, 0.10, 0.14, and
0.17 g/kg, he found that about 95% of the dose was excreted in the first 24
hours. The percentage metabolized decreased with increasing dose. At 0.05 
g/kg, 10.7% was excreted unchanged in the exhaled breath, and at 0.17 g/kg, 
42.0% was excreted unchanged. The amount exhaled as carbon dioxide at the 
lower dose was 10.6% and at the higher dose, 4.2%. At the lower dose 71.3% 
of the administered radioactivity was recovered in the urine, and at the
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Analysis of the urine radioactivity showed it to be distributed 
percentagewise among the metabolites as presented in Table III-4.
TABLE III-4
DISTRIBUTION OF RADIOACTIVITY AMONG 
ETHYLENE DICHLORIDE METABOLITES IN URINE








Adapted from Yllner [126]
Yllner [126] also found that 2-chloroethanol was metabolized in vivo 
by mice to mcnochloroacetic acid, suggesting that the reaction with 
glutathione occurs after the monochloroacetic acid is formed.
Both 2-chloroethanol and monochloroacetic acid are several times more 
toxic than ethylene dichloride. [127-134] Dierker and Brown [128] 
determined that their fatal case had been exposed at about 300 ppm 2- 
chloroethanol for 2 hours. The symptoms at the end of the 2 hours were 
nausea and vertigo. Cyanosis, labored breathing, and rapid, irregular 
pulse developed and the patient died from respiratory failure 9 hours after 
the end of exposure. Autopsy findings were pulmonary edema, kidney and 
liver congestion, interstitial hemorrhages in the liver, engorgement of
blood vessels in the liver and kidneys, and parenchyma-cell damage in the 
renal tubules.
Bush et al [129] reported on 6 cases of chronic exposure to 2-chloro- 
ethanol, one of them fatal. Autopsy findings in the fatal case included 
severe fatty infiltration of the liver, marked edema of the brain, marked 
passive congestion and edema of the lung, dilation of the chambers of the 
right side of the heart, fatty degeneration of the myocardium, and 
petechial hemorrhages into the skin. The nonfatal cases experienced 
nausea, vomiting, and dizziness. Two of these were found to have a
significant fall in blood pressure.
A 23-month-old male child died after drinking 1-2 ml of 2-chlor- 
ethanol. [130] After the ingestion, vomiting occurred immediate y,  
cyanosis and respiratory difficulty developed, followed by convulsions, 
heart failure, and death 12 hours after ingestion. Autopsy findings
included pulmonary edema and congestion, and petechiae in the 
subepicardium, thymus, and liver. Neither 2-chloroethanol nor 
monochloroacetic acid were found in the blood or tissues.
Exposure of rats at 2 ppm of 2-chloroethanol for 2 hours was not
fatal in a single exposure but repeated exposure at this concentration 
caused paralysis in some rats and finally death. [131] Exposure at 7.5 ppm 
caused death within a short time.
The oral LD50 values of monochloroacetic acid were determined for 
rats, mice, and guinea pigs by Woodard et al [134] to be 76, 255, and 80
mg/kg body weight, respectively. Hayes et al [133] found an LD50 for rats 
of 108 mg/kg. These investigators [133] found that it was an uncompetitive 
inhibitor of acetate oxidation, that it did not significantly aklyLate
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sulfhydryl groups of cysteine in vitro, but that in vivo, total sulfhydryl 
concentration in rat liver and kidney was decreased at the LD90 doses. 
Brain and heart sulfhydryl values were not affected. Signs of toxicity 
included clonic and tonic convulsions, respiratory depression, and thiist.
No information on metabolism of ethylene dichloride by humans was 
found in the literature. The similarity of the human responses to exposure 
to ethylene dichloride and 2-chloroethanol and the pathologic findings 
after such exposures are not proof that ethylene dichloride is metabolized 
to 2-chloroethanol. With both compounds, the delay in onset of symptoms 
(Table XII-2) is indicative of metabolism to more toxic compounds. [128- 
130] Ethylene dichloride and 2-chloroethanol could share a common metabolic 
pathway to monochloroacetic acid with chloroacetaldehyde as an intermediate 
metabolite. (RA Van Dyke, written communication, February 1975)
McCann et al [135] tested the mutagenicity of ethylene dichloride, 
its metabolite chloroeacetic acid, and its possible metabolic
intermediates, chloroethanol and chloroacetaldehyde, by their ability to 
revert a bacterial tester strain. Ethylene dichloride and 2-chloroethanol 
were described as weakly mutagenic compared to chloroacetaldehyde, which
was hundreds of times more effective in causing reversions.
Monochloroacetic acid showed no activity in the testing.
Correlation of Exposure and Effect
Ethylene dichloride has anesthetic properties but it was found to be 
too toxic to be used for this purpose. [32-35] Guinea pigs developed a 
state of unconsciousness in 0.5 hour with exposures of 4,000 and 4,500 ppm. 
[42] A monkey exposed at 4,500 ppm for 10 minutes became unable to
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maintain itself on the perch of the cage. [42]
During a 7-hour exposure at 3,000 ppm, guinea pigs, rats, mice, and 
rabbits showed varying degrees of narcosis according to Heppel et al. [106] 
Spencer et al [108] considered that the inactivity or stupor and slowness 
of response to handling of rats exposed for up to 8 hours to a series of 
concentrations in the range of 300 to 3,000 ppm may have been due to toxic 
injury other than central nervous system depression.
Workers acutely poisoned by occupational exposure to ethylene di­
chloride developed symptoms indicative of central nervous system effects 
including headache, dizziness, feelings of drunkenness, and sometimes 
unconciousness. [74-77,80-82,86] In some cases workers who were not 
overcome during exposure became unconscious later. [81,86]
Because of the profound effects of other chlorinated hydrocarbons on 
the liver and kidneys, many of the clinical and epidemiologic studies with 
ethylene dichloride have been directed toward the detection of dysfunction 
and degeneration of these organs. Evidence of liver and kidney injuries 
have been noted following both ingestion and occupational exposure, as 
evidenced by increased serum bilirubin, [9,86] decreased blood glucose, 
[82] positive Takata-Ara tests, [9,86] tender and palpable liver, [9] and 
the presence in the urine of albumin, blood cells, and hyaline and granular 
casts. [86,102]
However, even repeated exposures at high concentrations in animals 
and accidental poisonings in humans produced only slight to moderate fatty 
degeneration in the liver and kidneys. [75,107,108] What was much more 
evident in these and other organs at autopsy was the hyperemia and
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hemorrhaging into the tissues. [44,46,47,50,52,54,56,57,60,61,62,65, 
66,68,75,76,77,81]
The effects of ethylene dichloride ingestion, vapor inhalation, and 
absorption through the skin were similar. Early signs of circulatory 
damage included bleeding into the visceral organs, [46,50,51,54,56,62,70], 
cyanosis, [46,50,52,54,55,57,59 60,65,75,81,84,86] and rapid and weak 
pulse. [46,50,52,56,59,74,81,84] Acute exposures, both by ingestion and 
inhalation, were often fatal. Death resulted from respiratory and 
circulatory failure, following a period of nausea, vomiting, and 
unconsciousness. Autopsies revealed hyperemia and hemorrhagic lesions in 
the stomach, intestines, heart, brain, liver, and kidneys. [46,47,49- 
52,54,56,57,59,61-62,64-66,70,72,73,75,76,81]
Disseminated intravascular coagulopathy (DIC) and hyperfibrinolysis 
were reported in 1969 by Martin et al [64] in a patient who had ingested 
ethylene dichloride. They first noticed prolonged bleeding from veni­
punctures 24 hours after the ingestion and then studied the clotting 
factors, finding a reduction in factors II, V, VII, and VIII and complete 
defibrination. Platelet count was low (14,300/cu mm), fibrinolysis was 
markedly increased, and proactivator levels were below 10% of normal. 
Autopsy examination revealed thrombi in the pulmonary arterioles and 
capillaries, and hemorrhages into the mucosa of the esophagus, stump of the 
stomach, rectum, subepicardial, subendocardial, and myocardial tissues.
A decrease in clotting factors II and V was also found by Schonborn 
et al [65] 5.5 hours after a person ingested ethylene dichloride.
Yodaiken and Babcock [66] noted that 2 hours after a patient Ingested 
ethylene dichloride the prothrombin time was increased and the clotting
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ability of the blood continued to decrease. On the 4th day, all clotting 
factors except VIII were markedly decreased.
An absence of clots and intensely red, thick blood were among the 
autopsy findings in 2 workers following an acute occupational exposure. 
[75] Extensive subepicardial, subendocardial, and a few subpleural 
hemorrhages were also found.
Chronic occupational exposures have also resulted in ethylene 
dichloride intoxication. Repeated exposures have resulted in neurological 
changes, anorexia, nausea, vomiting, epigastric pain, irritation of the 
mucous membranes, possible liver and kidney dysfunction, and death. [88,90- 
98,105]
Cetnarowicz [9] investigated the possibility of ethylene dichloride 
poisoning in an oil refinery in Poland where the concentrations were in the 
range of 10-200 ppm. Ten workers employed in the centrifuge room, where 3 
concentration measurements were 62, 64, and 200 ppm, complained of a
burning sensation of the eyes and lacrimation. Six of the workers had 
dryness of the mouth, an unpleasant sweet aftertaste, dizziness, lassitude, 
sleepiness, nausea, vomiting, constipation, and loss of appetite. Three 
workers also complained of pain in the epigastrium. Of 6 workers employed 
in other sections of the plant, where concentrations ranged from 10 to 37 
ppm, one worker complained of the above-mentioned symptoms.
Further clinical investigations showed liver tenderness upon 
palpation in 4 workers, epigastric pain in 7 persons, elevated urobilinogen 
levels in the majority of individuals, abnormal percentile distribution of 
white blood cells in 8 persons. Other abnormal findings included high 
serum bilirubin levels, elevated nonprotein nitrogen levels, diminished
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amounts of albumin in the serum, elevated globulin levels, positive Takata- 
Ara tests, and delayed return to normal values in the glucose tolerance 
test.
Two reports [88,91] of years of experience with ethylene dichloride 
in Russia indicated that acute effects were found after exposure at 75-125 
ppm. The symptoms of these acute effects included general weakness, 
headache, dizziness, vomiting (usually producing a trace of bile), and 
irritation of the skin and mucous membranes. When some workers experienced 
these signs and symptoms 2 or more times in a period of 2 to 3 weeks, 
fatalities resulted. However, there was no mention of the method of air 
sampling, of the number of people exposed, or the duration of exposure.
Byers [93] reported that delayed effects of ethylene dichlorlde, such 
as lassitude, nausea, vomiting, and abdominal pain, were experienced in the 
evening by workers exposed at 100 ppm or slightly higher for 7.5 hours 
daily. These effects were not completely alleviated when ventilation 
procedures reduced the ethylene dichloride concentration to 70 ppm.
Exposure conditions were more extensively described for the 2 cases 
of neurological involvement reported by Guerdjikoff. [97] These workers 
used a gas mask for the operation where higher ethylene dichloride 
concentrations were expected for 2-3 minutes about 10 times/day. In this 
operation, there was opportunity for occasional exposure if the mask was 
not worn properly. In another operation, the workers were exposed 3-4 
times/day for 10 minutes each time at a concentration of about 120 ppm, and 
in another operation, they were exposed at a higher concentration for 10-15 
minutes once/day. An estimate of the daily TWA for these workers was not 
made.
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The workers developed sensory and motor problems during 6-9 months of 
exposure. [97] Anorexia, epigastric pains, fatigue, irritability, and 
nervousness appeared first after 3 weeks of exposure. Eventually each 
worker developed a difficulty in walking, trembling hands, and 
hyperhidrosis.
Heightened lability of the autonomic nervous system, diffuse red 
dermographism, increased hidrosis, fatigability, irritability, and insomnia 
were among the responses reported by Rosenbaum [88] in a group of 100
workers exposed to ethylene dichloride at less than 25 ppm for 6 months to
5 years.
Impairment of the central nervous system and increased morbidity, 
especially diseases of the liver and bile ducts, were found in workers 
chronically exposed to ethylene dichloride at concentrations below 40 ppm
and averaging 10-15 ppm. [105]
An analysis of the data presented by the author indicated a TWA 
concentration of about 15 ppm (see Table XII-3 and Figures XII-1 and XII- 
2). There are reasons to suspect that this may be an overestimate of most 
of the workers' exposures. The author pointed out that an insignificant 
number of the workers were employed in disassembling the metal molds, 
washing the tanks, etc. During disassembly of the metal forms, the workers 
were inside the tanks where ethylene dichloride concentrations of about 45- 
52 ppm were found. These concentrations were included by the author in the 
array associated with gluing. The measurements were apparently not 
breathing zone measurements and the ventilation system was designed with 
the exhaust ducts on the floor. As a consequence, the author [105] found 
an average concentration of about 27 ppm near the gluing table, about 40
77
ppm at 1 meter from the floor, and about 6 ppm at 2 meters from the floor. 
From these considerations it would appear that a more realistic appraisal 
of the TWA exposures of the majority of workers is 10-15 ppm.
Ethylene dichloride was found in the milk of nursing women occupa­
tionally exposed at approximately 15.5 ppm for an unspecified time. [99] 
The concentrations of ethylene dichloride in the milk ranged from 0.54 to 
0.64 mg %. Concentrations of about 14.5 ppm ethylene dichloride were found 
in the women's breath. Eighteen hours after exposure, the concentrations 
of ethylene dichloride in milk samples and breath were found to be 0.195- 
0.63 mg % and 2-4 ppm, respectively. This one report of ethylene 
dichloride concentrations in the milk of female workers is supported by one 
study of ethylene dichloride concentrations in the milk of cows fed 1.75 to 
17.5 mg/kg (based on body weights of about 400 kg). Additional research on 
this subject is needed.
Brzozowski et al [104] considered that absorption of ethylene 
dichloride through the skin was primarily responsible for producing such 
symptoms as nausea, weakness, abdominal pain, irritation of the mucous 
membranes, and weakness in the agricultural workers they studied. The 
workers were exposed in the field at atmospheric concentrations of about 15 
ppm. Exposures to about 60 ppm occurred during transfer of ethylene 
dichloride into buckets. The workers were exposed to direct contact with 
the liquid that was spilled in large quantities on their skin and clothes 
while carrying it to the field in open buckets and they used it to wash 
their skin.
Medical examinations were performed on 118 workers. Ninety of them 
had pome positive findings, including conjunctival congestion, weakness,
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reddening of the pharynx, bronchial symptoms, metallic taste in the mouth, 
headache, dermatographism, nausea, cough, liver pain, burning sensation of 
the conjunctiva, hastened pulse, and dyspnea after effort. The "hippuric 
acid Quick test" was used to measure liver dysfunction and was reported to
be positive in 40 of 56 workers investigated. [104]
A mixture of 25% ethylene dichloride and 75% carbon tetrachloride is
used for grain fumigation in the United States. There are no reports in
the literature of poisoning from the use of this fumigant mixture. 
However, in Italy, where the proportions of ethylene dichloride and carbon 
tetrachloride are approximately reversed, there are many reports of fumi­
gant intoxication. [78-80,85,102]
Experimental studies performed by Borisova [4,101] resulted in
effects on the vascular and respiratory systems with short-term exposure at 
very low concentrations of ethylene dichloride. A 30-second exposure of 4 
subjects at 1.5 ppm resulted in a temporary stenosis of the blood vessels 
in all 4 subjects. This reaction was generally more pronounced especially 
in the vessels of the fingers when the exposure was at 3 ppm.
Borisova [4,101] found that a 1-minute exposure at 1.5 ppm produced a 
change in the depth of breathing as indicated by an increase in the height 
of the wave of the spirogram.
Experimental exposures of animals have resulted in circulatory
effects similar to those found in humans, including pulmonary congestion 
and edema with focal extravasation of blood, generalized congestion
throughout the visceral organs, hyperemia, and hemorrhage into the lungs, 
stomach, intestines, liver, and adrenals. [42,106-109]
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Guinea pigs were exposed at concentrations from 600 to 60,000 ppm 
ethylene dichloride for periods up to 8 hours by Sayers et al. [42] 
Congestion and edema of the lungs and generalized passive congestion of the 
visceral organs were found in animals that died during exposure at 30,000 
or 60,000 ppm for 30-40 minutes. Pulmonary congestion and edema and renal 
hyperemia were found in animals exposed at concentrations greater than 
1,200 ppm. No deaths or apparent symptoms resulted from 8-hour exposures 
at 1,200 ppm.
Pulmonary congestion and hemorrhage, generalized visceral congestion, 
hepatic necrosis, and slight fatty degeneration of the renal tubular 
epithelium were found by Heppel et al [106] in rabbits, rats, and mice that 
died from exposure at 3,000 ppm ethylene dichloride. Guinea pigs exposed 
at the same concentrations developed focal necrosis of the adrenal cortex, 
sometimes with hemorrhage, and fatty degeneration of the myocardium was 
found in 7 of 8 guinea pigs. Repeated 7-hour exposures at 1,500 ppm
resulted in hemorrhage in the lungs, stomach, intestines, and adrenals, 
fatty degeneration of the myocardium, and congestion in the liver and 
intestines of rats, guinea pigs, rabbits, and dogs. [106]
Degenerative changes in the renal tubular epithelium, pulmonary 
congestion with focal extravasation of blood, congestion, hemorrhage and 
fatty changes in the liver, and focal myocarditis were among the effects 
noted by Heppel et al [107] after exposing various animals at 1,000 ppm for 
7 hours/day, 5 days/week for up to 177 days. When the exposure 
concentration was lowered to 200 ppm, mortality remained high but only 
occasional pathological findings, varying from animal to animal, were 
observed. These included pulmonary congestion, fatty degeneration of the
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renal convoluted tubules, necrosis and hemorrhage in the liver, necrosis of 
the adrenal cortex, and fine fat droplets in the liver and myocardium. 
[107]
Spencer et al [108] exposed a variety of animals at 400 ppm ethylene 
dichloride for 7 hours/day. One of 2 exposed monkeys died after 8 
exposures and the other died after 12 exposures. Prothrombin time was 
increased and microscopic findings included fatty degeneration of the liver 
and kidneys.
No abnormal findings were observed grossly or microscopically in 2 
male monkeys subjected to 148 7-hour exposures at 100 ppm ethylene 
dichloride in 212 days. [108]
Both male and female guinea pigs exposed at 100 ppm ethylene dichlo­
ride for as many as 162 7-hour exposures in 226 days had reduced growth 
rates and increased liver to body weight ratios compared to controls. 
Lung, heart, kidney, spleen, and testes organ weight to body weight ratios 
were normal. [108] Cats similarly exposed also had reduced growth rates. 
[109]
A summary of findings from animal exposures is presented in Table
XII-4.
Ethylene dichloride was shown to be metabolized to monochloroacetic 
acid through 2-chloroethanol in mice. [126] Both of these compounds are 
more toxic than ethylene dichloride. [131,134] The signs of poisoning by 
2-chloroethanol from both accidental and occupational exposures of humans 
and experimental exposures of animals are very similar to those resulting 
from ethylene dichloride poisoning. [127-131] This similarity of signs, 
symptoms, and microscopic findings provides evidence that the mechanism of
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human poisoning from ethylene dichloride resides at least in part in its 
metabolic products. [124,131,133]
There were no reports found in the literature dealing directly with 
carcinogenic or teratogenic effects of ethylene dichloride.
A feeding study conducted by the National Cancer Institute (EK 
Weisburger, written communication, January 1976) showed that some female 
rats developed mammary tissue masses after receiving 50 and 100 mg/kg 
ethylene dichloride in their diet for 78 weeks. No statistical or 
histopathologic data were given concerning the tumors.
Ethylene dichloride and its known metabolic product, chloroacetic 
acid, showed low mutagenicity when tested by McCann et al [135] on a tester 
strain of bacteria. However, by comparison, the possible intermediate 
metabolites, chloroethanol and chloroacetaldehyde, were extremely potent 
mutagens.
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IV. ENVIRONMENTAL DATA AND ANALYTICAL METHODS
Environmental Concentrations
Ethylene dichloride concentrations ranging from 0.4 to 5 ppm were 
found in a wool-scouring plant in Massachusetts in 1937. [136]
Other information on workroom air concentrations in American industry 
was reported by Elkins. [137] Ethylene dichloride was collected on silica
v
gel by sampling air at 5-10 liters/min for 10-30 minutes. The absorbed 
ethylene dichloride was extracted from the silica gel with isopropyl 
alcohol, subjected to alkaline hydrolysis, and the resulting inorganic 
chloride was determined by titration. The industries surveyed and the 
concentrations found are summarized in Table IV-1.
TABLE IV-1
CONCENTRATIONS OF ETHYLENE DICHLORIDE 
IN AMERICAN INDUSTRIES
Samples Plants Samples > 75 ppm Concentration, ppm
Operation No. No. No. Max. Avg.
Rubber cementing 24 3 8 140-200 85-110
Leather finishing 7 2 95 65
Fabric spreading NR* 1 NR 210 125
Drum filling NR* 0 45 35
Metal cleaning 11 4 250 180
* not reported
Adapted from Elkins [137]
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Workroom air concentrations in an industry manufacturing adrenalir in 
Russia were reported by Loginova and Novikova. [138] Ethylene dichloride 
was used in an 8-sq m room equipped with general room air ventilation only. 
A total of 30 breathing zone samples were taken in the center of the room 
and at points considered to have high concentrations of vapor. Twenty-five 
of the 30 measurements exceeded the maximum permissible concentration of 
12.4 ppm (50 mg/cu m). The highest concentration of ethylene dichloride 
was found during its suction transfer from a carboy into the extractor. 
During the 7-10 minutes required for this transfer operation, 
concentrations of 5.6 to 22.5 ppm (22.7-90.0 mg/cu m) were found. Ethylene 
dichloride vapor was also released during the discharge of brine into a 
sewer after it had been used for washing the ethylene dichloride extract. 
[138]
Cetnarowicz [9] reported ethylene dichloride concentrations in a 
petroleum refinery which used an extraction solvent containing 80% ethylene 
dichloride and 20% benzene to separate and purify mineral oils from 
paraffins. The concentrations determined at 4 locations within the 
refinery ranged from 10 to 200 ppm (0.04-0.8 mg/liter). The results of 2-3 
samples collected at each site are presented in Table III-l.
The measured benzene concentrations ranged from 10-25 jug/liter. The 
sampling and analytical methods used in this study were not given. [9]
In another study, Brzozowski et al [104] reported environmental 
concentrations of ethylene dichloride measured during fumigation of potato 
fields. The fumigation process required work crews to transfer ethylene 
dichloride from barrels to buckets and then pour the contents around the 
nests of the larvae.
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Because of the specific work regimen, the collection of one breathing 
zone sample required following employees to 10 application sites. The 
sample was analyzed by a modification of the alkaline hydrolysis method and 
the ethylene dichloride concentration was determined to be 4 ppm (16 
jug/liter). In order to avoid this collection inconvenience, simulated 
conditions were set up in the laboratory and concentrations were then 
measured to be around 15 ppm (58-60 ¿ig/liter). A sample obtained during 
the pouring of ethylene dichloride from barrels into buckets and 
subsequently analyzed indicated a concentration of approximately 60 ppm. 
[104]
An intensive study of ethylene dichloride concentrations in an 
aircraft factory was reported by Kozik. [105] Ethylene dichloride was the 
solvent for glue used to make rubber tanks. The data are presented in 
detail in Table XII-3 and are further summarized in Figures XII-1 and XII- 
2. In this plant, the ventilation system was designed to exhaust the air 
through the floor to keep the vapor from rising toward the glue 
applicators. The methods of determining ethylene dichloride and the 
sampling times were not given. The concentrations reported ranged from 
less than 5 to 52 ppm. About half of the measurements were less than 12 
ppm, and about 10% were greater than 30 ppm. From the description of the 
process and the data presented, a TWA concentration of about 15 ppm was 
estimated for the majority of exposed workers.
Environmental Sampling and Analytical Methods
(a) Collection Methods
Most analytical methods are dependent on the effectiveness and
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reproducibility of the uptake of ethylene dichloride by different 
collection media. Air samples are usually collected and transported to a 
laboratory, then desorbed or chemically treated, and finally analyzed 
quantitatively. Silica gel, which has been used as a collection medium, is 
a polar adsorbent and shows pronounced selectivity in adsorbing polar 
molecules, particularly in preference to nonpolar molecules such as 
ethylene dichloride. [139] A laboratory study indicated that water vapor 
in the workroom could displace ethylene dichloride when sampling more than 
3 liters of air through 1-inch silica gel tubes. [140]
More recently, activated charcoal has been used as a collection 
medium in conjunction with analysis by gas chromatography. [141] Charcoal 
is nonpolar and will generally adsorb organic vapors in preference to w.iter 
vapor resulting in less interference from atmospheric moisture than with 
si -ica gel. [140]
Williams and Umstead [142] reported the use of porous polymer beads 
as a collection medium. With this sampling method, the same column was 
used for sample collection and gas chromatographic analysis. This method 
consolidated collection and analysis into one operation, but only one 
analysis could be made on each sample. The method has not been developed 
for field use.
Liquids have been used to collect chlorinated hydrocarbons from 
contaminated atmospheres. Elkins et al [143] used amyl acetate in a 
sampling train to collect ethylene dichloride from sampled air. Midget 
impingers containing m-xylene have been used for collection in conjunction 
with gas chromatographic analysis. [144] Bubbler bottles containing a 
pyridine solution have been used for collection in conjunction with
colorimetric analysis. [145] Impingers and bubblers present hazards from 
glassware and chemicals when used in personal sampling units for collection 
of breathing zone samples.
Other investigators have collected grab samples of contaminated at­
mospheres directly in a variety of containers ranging from plastic bags to 
hypodermic syringes. [146]
(b) Desorption Methods
When solid collection media are used, it is necessary to desorb the 
collected contaminant from the medium. Isopropyl alcohol and heat have 
been used to desorb chlorinated hydrocarbons from silica gel. [137]
Desorption from charcoal was studied by Otterson and Guy. [146] They
recommended the use of different desorbing agents depending upon the
comparative gas chromatograph retention times for the desorber and the
contaminant. Carbon disulfide was determined to be the best desorbent for 
ethylene dichloride collected in charcoal tubes.
(c) Analysis
Several methods have been used to quantify ethylene dichloride in air 
samples. The analytical methods can be divided into 2 broad categories:
(1) methods based on ethylene dichloride chemical reactions, and (2)
methods based on ethylene dichloride physicochemical characteristics.
(1) Chemical methods
The 3 chemical methods that have been used extensively are:
(A) dechlorination of collected vapor samples with strong alkalis followed 
by titration of the chloride ion (alkaline hydrolysis) [137]; (B)
colorimetric measurement of the reaction products of ethylene dichloride
and pyridine heated in alkali solution (Fujiwara reaction) [145]; and (C)
direct reading colorimetric indicators. [148]
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(A) The dechlorination method (alkaline hydrolysis) 
requires collection of the ethylene dichloride-contaminated air by a 
suitable collection medium followed by alkaline hydrolysis in isopropyl 
alcohol, and titration of the liberated chloride with silver nitrate. [137] 
The percentage of chlorine hydrolyzed is determined by comparison between 
samples and known controls. A disadvantage is that it is not specific for 
ethylene dichloride.
(B) In the colorimetric analytical method based on 
the Fujiwara reaction, a stream of air containing ethylene dichloride is 
passed through a bottle containing pyridine. [145] Potassium hydroxide and 
methylethyl ketone are then added to an aliquot of the sample, and this 
mixture is heated in a boiling water bath, cooled during a fixed time 
period, and the color developed is determined with a spectrophotometer. 
This method requires less time than the dechlorination method, but the 
problem of nonspecificity with mixtures of chlorinated hydrocarbons 
remains.
(C) The third chemical method utilizes direct
reading detector tubes. [147] These are glass tubes packed with solid 
chemicals that change color when a measured and controlled flow of air 
containing ethylene dichloride passes through the packed material. 
Depending on the type of detector tube, the air may be drawn directly
through the tube and compared with a calibration chart, or the air may be 
drawn into a pyrolyzer accessory prior to the detection tube. [147] In 
either case, the analysis is not specific for ethylene dichloride since 
liberated halogen ions produce the stain and any halogen or halogenated
compounds will interfere. Regulations on detector tubes (42 CFR 84.50)
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provide that measurements with colorimetric indicator tubes shall be cor­
rect within ±25% of the values read. There are commercially available de­
tector tubes which fulfill this criterion.
(2) Physicochemical methods.
Among the analytical methods that are based on the 
physicochemical properties of ethylene dichloride are: (A) photodetection
(halide meters), [150] (B) infrared spectrometry, [149] and (C) gas
chromatography. [146]
(A) Halide meters are made to detect the increased 
brightness of an a-c arc across metal electrodes when they are enveloped by 
an atmosphere contaminated with halogenated compounds other than fluorides. 
These Instruments are sensitive to all halogens and halogenated compounds 
except fluorides and consequently they are not specific for ethylene 
dichloride. Halide meters are suitable for continuous monitoring if 
ethylene dichloride is known to be the only halogenated contaminant present 
in the sampled air. [147]
(B) An infrared spectrophotometer in conjunction 
with a suitable recorder can be used to record concentrations relatively 
instantaneously or continuously. With this method, concentrations are 
measured directly and it is not necessary to collect individual samples or 
to transport them to a laboratory for analysis. Infrared spectrophotometry 
has been used for continuous monitoring of industrial operations for 
chlorinated hydrocarbons. There is the need to assure that the atmosphere 
of relevant working stations is sampled, and that such samples correspond 
to the breathing zone of the workers at the working stations. [149] 
Infrared analysis is subject to interferences from other air contaminants
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and these interferences are not easily detected or resolved without 
substantial knowledge of infrared spectrophotometry.
(C) Gas chromatography provides a quantitative 
analytical method which can be specific for different chlorinated 
hydrocarbons. [148] Every compound has a specific retention time in a 
given chromatograph column, but several compounds in a mixture may hav:1 
similar retention times. This problem is easily overcome by altering th * 
stationary phase of the chromatograph column or by changing the column 
temperature or other analytical parameters. Altering conditions will 
usually change the retention times and separate the components.
A mass spectrometer can be used subsequent to gas chromatography to 
more positively identify the substance present in a gas chromatographic 
fraction. Linked gas chromatograph-mass spectrometer instruments perform 
this identification automatically. A charcoal capillary tube has been ustd 
to trap and transfer the material associated with a gas chromatographic 
peak to a mass spectrometer for qualitative identification when only 
unlinked units were available. [151]
(d) Conclusions and Recommendations
(1) Compliance Method
Based on review of air sampling and analytical methods, it is 
recommended that ethylene dichloride in air samples be collected with 
activated coconut shell charcoal, desorbed with carbon disulfide, and 
analyzed by gas chromatography. Although this system of measurement is 
indirect and requires collection and desorption prior to analysis, it has 
the following attributes:
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(A) Charcoal tubes are easy to prepare, ship, and
store.
(B) Estimation of exposure with personal samplers is
easily achieved.
(C) Desorption with carbon disulfide is efficient
and reproducible.
(D) Ethylene dichloride can be identified in 
combination with many other compounds.
(E) At the sample volumes recommended, ie, 2-20 
liters, interference by moisture is minimal.
(F) Sampling tubes and personal pumps are 
commercially available.
(2) Monitoring Methods
Exposure to ethylene dichloride associated with its continuous 
and constant use can be monitored by infrared spectrophotometry or, if it 
is the only halogenated hydrocarbon in the workroom air, halide meters can 
be used. Air from representative work sites can be drawn directly into the 
infrared spectrophotometer or halide meter by a multiprobe sampling 
apparatus. A time-location study of the workroom at the different probe 
locations can be used to estimate peak, ceilings, and TWA exposures to 
ethylene dichloride.
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V. DEVELOPMENT OF STANDARD
Basis for Previous Standards
The Subcommittee on Threshold Limits [152] of the National Conference 
of Governmental Industrial Hygienists published its first Maximum Allowable 
Concentration (MAC) for ethylene dichloride in 1942. The value was 100 ppm 
and was derived from the regulations of California, Colorado, Kansas, 
Massachusetts, Michigan, Minnesota, Oklahoma, and Wisconsin.
In 1945, Cook [153] compiled MAC data for a list of substances of 
industrial importance. The MAC values for ethylene dichloride for 6 
governmental agencies are presented in Table V-l.
TABLE V-l
EARLY STANDARDS FOR ETHYLENE DICHLORIDE
SOURCE MAC, ppm
California Industrial Accident Commission 100
Massachusetts Department of Labor and Industries 75
New York State Department of Labor 100
Oregon State Board of Health 100
Utah Department of Health 100
United States Public Health Service 100
Derived from Cook [153]
Based on Cook's list [153] and the 1942 MAC values [152], the 
American Conference of Governmental Industrial Hygienists (ACGIH) (formerly
the National Conference of Governmental Industrial Hygienists) issued **AC 
values for 1946 [154] including a MAC for ethylene dichloride of 100 ppm.
The following year, 1947, the Committee on Threshold Limits of the
ACGIH changed the MAC value to 75 ppm, but did not give its reasons for
this change. [155] In 1948, the nomenclature for allowable concentrations 
of toxic substances in air changed from MAC to Threshold Limit Values (TLV) 
in order to avoid confusion about the word ''allowable" in the MAC concept. 
[156]
The TLV was maintained at 75 ppm until 1952. At that time, the ACGIH 
changed the TLV back to 100 ppm. Again, no information was given about the 
reasons for the change. [157] The definition of TLV as a time-weighted 
average (TWA) was formulated in 1953 by the ACGIH. [158]
The Documentation of Threshold Limit Values, [159] first published in
1962 by the ACGIH, justified the TLV of 100 ppm for ethylene dichloride by 
the experimental animal study of Spencer et al. [108]
At the ACGIH conference in 1962, the TLV for ethylene dichloride was 
lowered to 50 ppm. [160] The TLV documentation of 1966 [161] justified
this value with 4 other references, [82,90,107,154] in addition to the 
report of Spencer et al. [108] The documentation included information (D 
Fassett, private communication to the TLV Committee, 1962) that repeated 
industrial exposures at 25-50 ppm were safe. This information, coupled 
with the revision of the TLV's of trichloroethylene and carbon 
tetrachloride, were the basis for the new ethylene dichloride TLV of 50 
ppm.
The American Industrial Hygiene Association's Hygienic Guide Series 
recommended an 8-hour TWA of 50 ppm for ethylene dichloride in 1965 and
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alluded to the acceptability of exposure at 3,000 ppm for 12-20 minutes. 
[162] These recommendations were based in part on the 1964 TLV's from the 
ACGIH, [163] and reports of Spencer et al, [108] Heppel et al, [106] and 
Menschick. [86]
Subcommittee Z-37 of the American National Standards Institute (ANSI) 
recommended an 8-hour day TWA of 50 ppm for ethylene dichloride in 1969.
[6] It also recommended an acceptable ceiling concentration for an 8-hour 
workday of 100 ppm if the TWA was below 50 ppm, and a maximum peak abov ■ 
the ceiling concentration of 200 ppm for no more than 5 minutes in any 3 
hours. The recommendations were based in part on the animal experiments of 
Heppel et al [107] and Spencer et al. [108]
The 1971 Documentation of Threshold Limit Values for Substances i_n 
Workroom Air [164] confirmed the TWA of 50 ppm adopted by ACGIH in 1966. 
Bardodej [165] was among the references added to those that had been cited 
in the 1964 Documentation. The justification for a TLV of 50 ppm was the 
belief that at this concentration no hepatic injury would occur and the 
symptoms of intoxication would be minimal. [164]
Documentation of MAC in Czechoslovakia, [165] published in 1969, 
suggested a mean MAC of 12.5 ppm (50 mg/cu m) and a peak MAC of 62.5 ppm 
(250 mg/cu m) based in part or. the incur-tr'si e^iU'rvatii ns of Elkins [137] 
and the animal experiments of Heppel et al [107] and Spencer et al. [108] 
MAC values cited for some other countries are presented in Table V-2.
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TABLE V-2
ETHYLENE DICHLORIDE STANDARDS OF EIGHT COUNTRIES
Country Standard, ppm
Federal Republic of Germany 100







Derived from reference 165
Additional information on ethylene dichloride standards, published by
the International Labour Office (ILO) are presented in Table V-3. [166]
>
TABLE V- 3
SOME ETHYLENE DICHLORIDE STANDARDS SUMMARIZED BY THE ILO
Country Standard, ppm Type
Bulgaria 2.5 MAC
Finland 100 MAC 8-hour
continuous
Massachusetts, USA 25 8-hour TWA
Pennsylvania, USA 50 8-hour TWA
Rumania 12.5 MAC
Yugoslavia 50 MAC
Derived from reference 167
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The 1969 ANSI Z-37 standard, adopted as the federal standard, 29 CFR 
1910.1000, Table G2, is a TWA of 50 ppm for an 8-hour day, a ceiling 
concentration of 100 ppm, and a maximum peak above the ceiling of 200 ppm 
for no more than 5 minutes in any 3 hours.
Basis for Recommended Environmental Standard
The recommended standard is based on occupational expos ire 
experiences, mostly from Europe where ethylene dichloride has been u.;ed 
extensively, and is intended to protect workers from the adverse hen th 
effects that have been reported.
Ethylene dichloride has a wide array of effects and it is difficult 
to identify primary target organs or systems. The information on the 
metabolism or mechanism of action of ethylene dichloride suggests that it 
is metabolized to more toxic substances such as chloroacetaldehyde, 2-
chloroethanol and chloroacetic acid which inhibit glucose metabolism.
Exposure to ethylene dichloride has adversely affected the 
circulatory, respiratory and nervous systems, and the liver, kidneys, skin, 
and mucous membranes. [4,64,74-77,80,88,97,98,100] Acute exposure has 
often been fatal. The progression of signs and symptoms prior to death 
usually included headache, dizziness, nausea, vomiting, anorexia, 
tenderness or pain in the epigastrium, rapid and weak pulse, cyanosis,
unconsciousness, then respiratory, circulatory, or kidney failure. Death 
was usually ascribed to circulatory failure and the most outstanding
autopsy observations were pulmonary edema, hyperemia, congestion of the
visceral organs, and hemorrhaging into most of the organs. 
[46,47,49,50,54,56,64,75,76,81] Fatalities from occupational exposure have
resulted from acute exposures in which narcosis or anesthesia did not occur 
from inhalation of ethylene dichloride vapor. [77,80,81,86]
Many of the signs and symptoms associated with fatalities followed 
exposure even when death was not the final outcome. However, Rosenbaum 
[88] reported that when some workers experienced these symptoms 2 or more 
times in 2 or 3 weeks, fatalities resulted.
Rosenbaum was reporting on 10 years experience with ethylene 
dichloride in Russian industries where the atmospheric concentrations 
causing the symptomatic responses were reported to be between 75 and 125 
ppm. Although this report lacked detail, it is consistent with other 
literature.
Byers [93] reported that many persons exposed to ethylene dichloride 
experienced the worst symptoms in the evening after the conclusion of a 
day's work. The symptoms varied from lassitude and malaise, to nausea, 
vomiting, and abdominal pain. The workers were exposed at daily 
concentrations of approximately 100 ppm, and even when the addition of 
ventilation reduced the atmospheric concentration to 70 ppm, not all of the 
symptoms were alleviated.
Environmental concentrations ranging from 10 to 200 ppm were found in 
an oil refinery in Poland. [9,104] Of 42 exposed workers, 6 complained of 
a sweetish aftertaste, dizziness, nausea, vomiting, and lack of appetite. 
Two of them had pain in the epigastrium and 3 had enlarged livers which 
were tender to pressure.
Further examination of a limited number of persons revealed that 6 of 
10 workers exposed at 62-200 ppm had dryness of the mouth, an unpleasant 
sweetish aftertaste, dizziness (as from being drunk), lassitude,
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sleepiness, nausea, vomiting, constipation, and poor appetite leading to 
weight loss. All 10 of these workers complained of a burning sensation of 
the eyes and lacrimation, and 3 workers complained of pain in the 
epigastrium.
One of 6 workers exposed at 10-37 ppm complained of the previously 
mentioned symptoms. Physical examinations further showed emaciation in all 
workers, and augmented reflexes and autonomic neurosis in 3 of 16 workers. 
Eight of 16 workers had an abnormal percentile distribution of white blood 
cells. All signs and symptoms of disease disappeared when the workers were 
removed from the workplace but returned when the workers were again exposed 
to the ethylene dichloride-containing atmosphere.
Intermittent exposure to ethylene dichloride for a total of about 1.5 
hours/day resulted in sensory and neurological problems after 6-9 months of 
exposure. [97] The exposure conditions were well described in this report 
by Guerdjikoff, [97] but the information on exposure concentrations was not 
complete. During one of the operations which was repeated several times 
daily, the workers wore an air-supplied gas mask and were only exposed to 
ethylene dichloride occasionally due to improper fit. These operations 
accounted for about 30 minutes of the total time. During another operation 
which required 10 minutes and was repeated 3-4 times/day, the workers were 
exposed at about 120 ppm of ethylene dichloride. During a final operation 
which occurred once daily, the workers were exposed for about 15 minutes at 
a higher, but unknown, concentration. [97]
The 2 workers studied by Guerdjikoff [97] experienced anorexia, 
epigastric pains, fatigue, irritability and nervousness after about 3 weeks 
of exposure and eventually experienced tremors in hands, hyperhidrosis, and 
difficulty in walking.
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Agricultural workers in Poland were exposed to ethylene dichloride by 
skin absorption and by inhalation when applying it in the field as an 
insecticide. [104] An environmental field sample showed 4 ppm ethylene 
dichloride but because of practical difficulties of collecting the sample, 
field conditions were simulated in the laboratory to better estimate the 
concentrations to which workers could have ' been exposed. This 
determination found about 15 ppm of ethylene dichloride. During the 
pouring operation, which was considered to produce the highest 
concentrations at which a worker would be exposed, the environmental 
concentration was found to be 60 ppm. Among 118 of these agricultural 
workers, 90 had clinical findings including conjunctival congestion in 72%, 
weakness in 45%, reddening of the pharynx in 42%, bronchial symptoms in 
36%, metallic taste in the mouth in 34%, dermatographism in 31%, nausea in 
26%, cough in 26%, liver pain in 25%, irritation of the conjnuctiva in 20%, 
rapid pulse in 18%, and dyspnea after effort in 18%. [104] This report
justifies the recommended use of protective clothing.
In 100 factory workers exposed from 6 months to 5 years at not more 
than 25 ppm ethylene dichloride, no changes were found in the blood or 
internal organs,. but heightened lability of the autonomic nervous system, 
diffuse red dermographism, muscular torus, bradycardia, increased hidrosis, 
and frequent complaints of fatigability, irritability, and sleepiness were 
found. [88] The TWA concentrations at which these workers were exposed 
were not reported.
A study where data were presented in sufficient detail to estimate a 
TWA exposure of 10-15 ppm for 5 years was reported by Kozik. [105] The 
maximum concentration reported was about 50 ppm and concentrations in
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excess of 20 ppm occurred about 15% of the time. The concentrations above 
20 ppm were reported to have occurred when an ethylene dichloride-based 
glue was applied to large rubber sheets and to have been maintained for 5-6 
minutes at a time several times a day. The exposed workers experienced 
increased morbidity, particularly from gastrointestinal, liver and bile- 
duct diseases, that Kozik [105] concluded were due to ethylene dichloride 
exposure. In addition, neurotic and asthenic conditions, autonomic 
distonia, and struma and hyperthyreosis were found in a group of 83 workers 
studied. A study of nervous system function at the beginning and the end 
of 14 workdays in 17 of the workers Indicated impairment at the beginning 
of the workdays as well as at the end, compared to 10 control workers who 
showed no impairment at the beginning of the workday.
Reports of occupational exposures that were without effect have not 
been found in the literature. The report of adverse cardiac and nervous 
system effects in 100 factory workers exposed at not more than 25 ppm of 
ethylene dichloride suggests that peak exposures need to be kept below this 
level. This is strongly supported by the additional effects on the liver 
and bile ducts reported by Kozik [105] in workers when peak exposures 
exceeded 20 ppm about 15% of the time. Definitive studies that delineate 
safe peak exposures do not exist but evaluation of available data and 
professional judgment suggest that ethylene dichloride exposures should not 
exceed a ceiling of 15 ppm.
The report by Kozik [105] of adverse nervous system and liver effects 
in workers exposed at TWA concentrations of 10-15 ppm also suggests a much 
lower TWA exposure. Considering the magnitude of the effects reported and
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the systems involved (nervous, respiratory, cardiac, and hepatic), NIOSII 
recommends a time-weighted average exposure concentration of 5 ppm.
Adherence to this limit, with prevention of other sources of 
absorption by appropriate work practices, should prevent effects of 
ethylene dichloride on the respiratory tract, nervous system, liver and
kidneys, and bn the blood and blood clotting. However, in the complete
absence of information on the susceptibility of babies to ethylene
dichloride, and information [99,118] that the compound appeared in the
milk of nursing mothers, it is recommended that nursing mothers not work
with ethylene dichloride.
There has been a wide range of susceptibility to ethylene dichloride 
exposure. [76,82,88] Where groups of workers have been exposed, some have 
escaped serious injury, while others have died. The nature of the 
susceptibility was not obvious from the reports. Ethylene dichloride has
been shown to be metabolized to more toxic compounds. [126,128-132] The
variations in susceptibility could be due to individual variations in rate 
of metabolism of ethylene dichloride or to diet, previous exposure, or many 
other uncontrolled factors. [106,88] The recommended environmental 
standard should protect the more sensitive workers.
It is recognized that many workers handle small amounts of ethylene 
dichloride or work in situations where, regardless of the amounts used, 
there is only negligible contact with the substance. Under these 
conditions, it should not be necessary to comply with all of the provisions 
of this recommended standard. However, concern for worker health requires 
that protective measures be instituted below the enforceable limit to 
ensure that exposures stay below that limit. Therefore, environmental
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monitoring and recordkeeping is recommended for those work situations which 
involve exposure above one-half the recommended limit, to delineate work 
areas that do not require the expenditure of health resources for control 
of inhalation hazards. One-half the environmental limit has been chosen on 
the basis of professional judgment rather than on quantitative data that 




The principal method for manufacturing ethylene dichloride is by 
reacting chlorine with ethylene. [1] Other chlorinated ethanes may be co­
products of ethylene dichloride manufacture and caution must be taken to 
avoid exposure to these substances as well.
Further information concerning specific work practices for ethylene 
dichloride can be found in the Manufacturing Chemists Association's Safety 
Data Sheet SD-18. [7]
(a) Transport, Handling, and Use
The addition of small amounts (0.1% by weight) of alkylamines acts to 
stabilize ethylene dichloride, and in this form, ethylene dichloride can be 
transported in unlined tank cars and stored in steel drums or cans for 
indefinite periods of time. Without the addition of aklylamines, 
containers for storage and transportation should be of plain, galvanized, 
or lead lined, mild steel because ethylene dichloride may be corrosive to 
iron and other metals, especially if in contact with moisture at elevated 
temperatures. [7] Rubber is not resistant to ethylene dichloride.
Ethylene dichloride decomposes slowly, becoming acidic and darkening 
in color. In the presence of strong ultraviolet light, air, and moisture, 
or in contact with open flame or hot surfaces, ethylene dichloride 
decomposes rapidly and toxic quantities of phosgene, hydrogen chloride, 
carbon monoxide, carbon dioxide, acetylene, and vinyl chloride may be 
formed. [1,6] Because of this possibility, ethylene dichloride should be 
stored in cool, dry, well-ventilated areas, away from direct sunlight.
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Damaged drums or other storage or transporting containers may not be welded 
until thoroughly purged with steam, flushed with water and air-dried. [71
All piping and valves at the loading or unloading station should be 
of ethylene dichloride resistant material and should be carefully inspected 
prior to connection to the transport vehicle and periodically during the 
operation. Personal protective clothing must be provided during both 
inspection and connection. Eye wash and safety shower installations should 
be readily available in the immediate area. Signs indicating the location 
of safety showers and eye wash facilities should be prominently displayed 
throughout the work area. Unloading areas must be posted "Danger: loading
or unloading ethylene dichloride".
Due to the toxicity of ethylene dichloride, processes in which it is 
used in large quantities should be carried out in closed systems. Well- 
designed hoods and ventilation systems should be used to maintain exposures 
at or below concentrations specified by this standard. Further protective 
measures include the use of personal protective equipment and clothing and 
purging of equipment prior to and during servicing and maintenance.
Ethylene dichloride is a component in many insecticidal fumigants and 
conventional work practice guidelines are inappropriate to protect 
agricultural workers from the hazards of exposure. For these uses, 
fumigants containing ethylene dichloride must be used in a manner 
consistent with their labeling requirements. These usually specify 
allowable time limits before a fumigated field may be reentered, and safe 
practices for the application of the particular pesticide. Consideration 
must be given to the wearing of personal protective equipment including 
long-sleeved shirt, long-legged pants (or suitable coveralls), a hat,
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shoes, socks, and gloves. Specific requirements of worker protection 
standards for agricultural pesticides may be found in 40 CFR 170.
Where a fumigant is applied to a crop in confined storage, hazardous 
concentrations may be encountered and entry to such areas must not be made 
without proper personal protective equipment including self-contained 
breathing apparatus.
Safety showers and eye wash facilities are necessary in areas where 
ethylene dichloride is handled. In locations where such facilities are not 
available, a container of water for emergency use must be kept with the 
first aid supplies.
(b) Equipment Maintenance
All equipment used for handling ethylene dichloride must be emptied 
and purged prior to entry or disassembly. Steaming followed by washing 
with water is recommended for purging tanks and other containers which have 
held ethylene dichloride. [7] Pipe lines should be disconnected and 
capped. Under conditions where it is necessary to enter or otherwise work 
with ethylene dichloride contaminated equipment, maintenance personnel must 
use either a self-contained breathing apparatus of the pressure-deirand 
mode, with an impervious protective suit, or a combination supplied-air 
suit with auxiliary self-contained air supply. Ventilation should still be 
continued during this time by blowing or drawing fresh air through the 
system. Safety precautions for emergency rescue require that all 
maintenance personnel be informed of the toxic properties of ethylene 
dichloride, and be instructed on the necessity of wearing personal 
protective equipment. [7] Constant observation of anyone entering a tank 
should be maintained in case rescue work is necessary.
(c) Emergencies
Spills must be ‘anticipated. Storage tanks should be diked to contain 
the contents of the tank. Drum storage areas must also be diked to contain 
the volume of ethylene dichloride present in the drums, so as to prevent 
release to other areas. Areas where major spills are likely to occur 
should be constructed so that they may be closed until properly protected 
personnel can ventilate, enter, and clear the area. Warning signs shall be 
posted so that no unauthorized personnel will enter the area. Normal work 
should not be continued until the concentration of ethylene dichloride has 
been reduced to that prescribed by this standard. Any combustion 
operations must be stopped until the spill is cleared. Disposal of 
ethylene dichloride should be done in compliance with local, state, and 
federal waste disposal regulations. Consideration should be given to 
pumping the diked spill to another tank. In addition, it is advisable to 
have facilities for transfer of the contents of a leaking tank to another 
suitable tank.
Areas in which small spills have occurred shall be evacuated and 
well-ventilated. Small portable sparkproof fans may be used in confined 
areas where local exhaust ventilation is not feasible. Workers should not 
return to any work area if the odor of ethylene dichloride is still 
perceptible.
Ethylene dichloride is flammable, and products of combustion Include 
extremely noxious gases such as phosgene, hydrogen chloride, acetylene, and 
vinyl chloride. Firefighters should be equipped with self-contained 
breathing apparatus of the pressure-demand mode and an impervious suit, or 
a combination supplied-air suit with auxiliary self-contained air supply.
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(d) Respiratory Protection
For adequate respiratory protection against the many conditions which 
may be encountered in individual operations, many types of respirators have 
been developed and approved. Each has a particular field of application 
and limitations from the viewpoint of protection, as well as advantages and 
disadvantages from the viewpoint of operational procedures and maintenance. 
Detailed information on the selection and use of respirators can be 
obtained from the Respiratory Protective Devices Manual [167] published by 
the AIHA and the ACGIH in 1963. The American National Standard: Practices
for Respiratory Protection, ANSI Z88.2-1969, [168] also classifies,
describes, and gives the limitations of respirators.
There are 3 categories of respirators: atmosphere-supplying
respirators, air-purifying respirators, and combination atmosphere- 
supplying and air-purifying respirators.
\
One factor that affects the overall performance of demand-type 
(negative pressure) respirators is the variability of the face seal. 
Facepiece leakage is the major limitation of half-mask and quarter-mask 
facepieces operated with a negative pressure.
For purposes of uniform regulations covering the many face sizes and 
shapes of the US population, NIOSH recommends that the half-mask or 
quarter-mask facepieces operated with a negative pressure not be used for 
protection above lOx the TWA, although the majority of wearers can obtain 
protection in atmospheres of higher ethylene dichloride concentrations. On 
the same basis, NIOSH recommends that the full facepiece, operated with 
negative pressure, may be used up to 50x the TWA.
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These maximum use concentration guides do not take into account the 
service life of the filters and/or absorbent canisters which also affect 
the performance of air-purifying respirators. The approval tests (under 30 
CFR 11) for these 2 devices specify only carbon tetrachloride for the 
service life test. Based on recent studies by Nelson and Harder [l^Q] who 
tested standard respirator cartridges against many types of industrial 
organic solvents, it is now possible to estimate the service life of 
approved organic vapor canisters or cartridges against ethylene dichloride. 
With a test concentration of 1,000 ppm of ethylene dichloride, they 
reported that the standard organic vapor cartridge has a service life of 54 
minutes before a breakthrough of 10 ppm of ethylene dichloride. Under the 
same conditions, a service life of 77 minutes for carbon tetrachloride was 
obtained. The standard industrial size gas mask canister is tested against
20,000 ppm of carbon tetrachloride and it must have a service life of 12 
minutes before a breakthrough of 5 ppm. Since it has been shown that 
charcoal can adsorb 1.5 times as much carbon tetrachloride as ethylene di­
chloride, it can be estimated that the service life for an industrial size 
canister is 160 minutes in an atmosphere of 1,000 ppm ethylene dichloride.
NIOSH periodically issues a list of approved or certified respiratory 
protective devices. All devices approved by the Bureau of Mines are listed 
in Information Circular 8559 and supplements. All types of devices 
certified by the Testing and Certification Laboratory of NIOSH are listed 
in a separate publication. These are available from the Testing and 
Certification Laboratory, NIOSH, Morgantown, West Virginia, 26505.
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VII. RESEARCH NEEDS
The recommended standard is based entirely on human data since 
experiments with animals in the range of concentrations (1-25 ppm) of 
concern do not exist. Studies of animals chronically exposed over their 
lifetime are needed to provide microscopic and biochemical information 
relative to effects on the nervous and cardiovascular systems and on the 
liver. This information is needed in order to monitor exposed workers more 
intelligently.
The metabolism of ethylene dichloride is generally unknown. Only one 
study of its metabolism by intact animals was reported and this dealt with 
only one species, the mouse. Additional metabolism studies are needed with 
other species, including primates, in order to identify metabolites that 
are likely to occur in man. Medical researchers should be prepared to try 
to identify metabolites when patients are hospitalized with ethylene 
dichloride poisoning. This information is needed because, at higher 
concentrations and dosages, ethylene dichloride seems to be metabolized to 
more toxic substances and the significance of the phenomenon at lower 
concentrations is not known. If chloroacetaldehyde is a major intermediate 
metabolite, it may have significance to carcinogenicity or mutagenicity of 
ethylene dichloride, especially under some conditions.
The information of the carcinogenic potential of ethylene dichloride 
is not adequate. The one study by the National Cancer Institute has not 
been completed. In this study, rats and mice were used. In the absence of 
knowledge about other species differences in metabolism of ethylene 
dichloride, it is not known that information from these species is
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adequate. In the Ames-test study of ethylene dichloride, 2-chloroethanol, 
chloroacetaldehyde, and monochloroacetic acid, the possible metabolites, 2- 
chloroethanol and chloroacetaldehyde, showed strong activity. There is no 
information about the potential of ethylene dichloride acting as a 
cocarcinogen with other substances with which it is commonly encountered 
such as vinyl chloride and lead.
The mechanism by which ethylene dichloride affects the blood clotting 
mechanism, and the cardiovascular system in general, is not known. 
Elucidation of this problem could lead to successful treatment of persons 
poisoned by ethylene dichloride. This is important because no matter how 
carefully exposures are controlled, work practices are adhered to, and 
proper engineering controls are used, accidents will occur. It is also 
important because the effects may be manifested in other ways that have not 
been studied such as affecting women during normal menses, during 
childbirth, and by aggravating menometrorrhagia.
Teratogenic studies have not been reported, and without them it is 
not possible to know that females of child bearing age should work with 
ethylene dichloride. » The information available does not indicate a 
problem, but the studies were not specifically designed for studying 
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(a) Air samples representative of the breathing zone of workers 
should be collected to characterize the exposure from each job or specific 
operation in each work area.
(b) Samples collected should be representative of exposure of
individual workers.
(c) Suggested records:
(1) The date and time of sample collection.
(2) Sampling duration.
(3) Total sample volume.
(4) Location of sampling.
(5) Temperature, pressure, and relative humidity at time of
sampling.
(6) Other pertinent information.
Sampling
(a) Samples should be collected as near as practicable to the face
of workers without interfering with freedom of movement.
(b) Samples should be collected to permit determination of TWA
workday and ceiling exposures for every job involving exposure to ethylene 
dichloride in sufficient numbers to express the variability of the 
exposures for the work situation. The minimum numbers of TWA's to be
SAMPLING PROCEDURE FOR
COLLECTION OF ETHYLENE DICHLORIDE
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determined are listed in Section 7 of the recoirenended standard, according 
to the number of employees involved.
(c) Apparatus for Charcoal Tube Sampling
(1) Pump, battery-operated, complete with clip for attach­
ment to the worker. Airflow through the pump shall be within +5% of the 
desired rate.
(2) Charcoal tubes: glass tube with both ends flame-
sealed, 7 cm long with a 6-mm O.D., and a 4-mm I.D., containing 2 sections 
of 20/40 mesh activated coconut-shell charcoal separated by a 2-mm portion 
of urethane foam. The first is the adsorbing section and contains 100 mg 
of charcoal from coconut shells. The second, or reserve section, contains 
50 mg. A 3-mm portion of urethane foam is placed between the outlet of the 
tube and the reserve section. A plug of glass wool is placed in front of 
the adsorbing section. The pressure drop across the tube when in use must 
be less than 1 inch of mercury at a flowrate of 1 liter/min.
(d) Calibration of Sampling Instruments
(1) Air sampling instruments should be calibrated with a 
representative charcoal tube in line, over a normal range of flowrates (50- 
1000 ml/min). Calibration curves should be established for each sampling 
pump and should be used in adjusting the pump prior to and during each 
field use. New calibration curves should be established for each sampling 
pump after making any repairs or modifications to the sampling system.
(2) The volumetric flowrate through the sampling system 
should be spot-checked and the proper adjustments made before and during 
each study to ensure obtaining accurate airflow data.
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(e) Collection and Handling of Samples
(1) Immediately before sampling, break both ends of the 
tube to provide openings at least one-half the internal diameter of the 
tube (2 mm).
(2) The smaller section of charcoal is used as a reserve 
and should be positioned nearest the sampling pump.
(3) The charcoal tube should be placed in a vertical posi­
tion during sampling.
(4) Tubing may be used to connect the back of the tube to 
the pump, but air being sampled should not be passed through any hose or 
tubing before entering the charcoal tube.
(5) The sample can be taken at flowrates of 25-200 ml/min,
depending on the pump. Total sample volumes of 3-40 liters are
recommended, eg, a sample could be collected at 200 ml/min for 15 minutes 
to give a total sample of 3 liters, or at 25 ml/min for 24 hours to give a 
total sample volume of 36 liters. However, it is also recommended that 
each sample be collected in less than 4 hours.
(6) The charcoal tubes should be capped with inert plastic 
caps immediately after sampling. Under no circumstances should rubber caps 
be used.
(7) One charcoal tube, to serve as an analytical blank, 
should be handled in the same manner as the sample tube (break, seal, and 
transport) except that no air is sampled through this tube.
126
X. APPENDIX II
Principle of the Method
(a) A known volume of air is drawn through a charcoal tube to trap
the ethylene dichloride vapor.
(b) The ethylene dichloride is desorbed from the charcoal with
carbon disulfide.
(c) An aliquot of the desorbed sample is injected into a gas
chromatograph.
(d) The area of the resulting peak is determined and compared with
areas obtained from the injection of standards.
Range and Sensitivity
(a) The lower limit for detection of ethylene dichloride on a gas
chromatograph with a flame ionization detector is 13 ng/sample.
(b) The upper limit value for ethylene dichloride is 2.0
mg/sample. This is the estimated amount of ethylene dichloride which the
front section will hold before this compound breaks through to the reserve 
section of charcoal. If a particular atmosphere is suspected of containing 
a large amount of ethylene dichloride, it is recommended that a smaller 
volume of air be sampled.




(a) Ethylene dichloride will not be trapped when the amount of
water in the air is so great that condensation occurs in the charcoal
sampling tube.
(b) Any compound which has the same retention time as ethylene 
dichloride with the chromatographic conditions described in this method 
could interfere. These may be eliminated by altering operating conditions 
of the gas chromatograph using a different column packing or using a 
selective detector, ie, electron capture.
Advantages of the Method
(a) This method is advantageous in that it provides one basic 
method for determining many different organic compounds.
(b) The sampling device is small, portable, and involves no 
liquids.
(c) The analysis of the tubes can be accomplished rapidly.
Disadvantages of the Method
(a) The amount of sample which can be taken is limited by the 
weight of ethylene dichloride which the tube will hold before overloading.
(b) When the sample value obtained for the reserve section of 
charcoal exceeds 25% of that found on the front section, the possibility of 
appreciable sample loss exists.
(c) Other organic compounds in high concentrations may displace 
ethylene dichloride from the charcoal.
128
Apparatus
(a) Gas chromatograph equipped with a flame ionization detector,
(b) Stainless steel column (20 ft x 1/8 in) with 10% free fatty
acid polymer (FFAP) stationary phase on 80/100 mesh chromosorb w (or
equivalent), acid washed and treated with dimethyldichlorosilane.
(c) A recorder and some method for determining peak area.
(d) Glass stoppered microtubes of 2.5 ml capacity or 2 ml vials 
that can be sealed with inert caps.
(e) Microsyringe of 10-/ul capacity, and convenient sizes for 
making standards.
(f) Pipets. 0.5-ml delivery pipets or 1.0-ml pipets graduated in 
0.1-ml increments.
(g) Volumetric flasks of 10-ml capacity or convenient sizes for 
making standard solutions.
Reagents
(a) Spectroquality carbon disulfide.
(b) Ethylene dichloride, preferably chromatoquality grade.
(c) Bureau of Mines Grade A helium.
(d) Prepurified hydrogen.
(e) Filtered compressed air.
Analysis of Samples
(a) All equipment used in the analysis should be washed in
detergent followed by appropriate tap and distilled water rinses.
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(b) Preparation: Each charcoal tube is scored with a file in
front of the first section of charcoal and broken open. The glass wool is
removed and discarded. The charcoal in the first (larger) section is 
transferred to a small stoppered test tube. The separating foam is removed 
and discarded; the second section is transferred to another similar test 
tube. These 2 sections are analyzed separately. Prior to analysis, 0.5 ml 
of carbon disulfide is pipetted into each test tube to desorb ethylene 
dichloride from the charcoal.
EXTREME CAUTION MUST BE EXERCISED AT ALL TIMES WHEN USING CARBON 
DISULFIDE BECAUSE OF ITS HIGH TOXICITY AND FIRE AND EXPLOSION 
HAZARDS. IT CAN BE IGNITED BY HOT STEAM PIPES. ALL WORK WITH 
CARBON DISULFIDE MUST BE PERFORMED UNDER AN EXHAUST HOOD.
(d) Typical chromatographic operating conditions:
(1) 50 ml/min (70 psig) helium carrier gas flow.
(2) 65 ml/min (24 psig) hydrogen gas flow to detector.
(3) 500 ml/min (50 psig) airflow to detector.
(4) 200 C injector temperature.
(5) 200 C manifold temperature (detector).
(6) 60 C isothermal oven or column temperature.
(e) Injection: The first step in the analysis is the injection of 
the sample into the gas chromatograph. To eliminate difficulties arising 
from blowback or distillation within the syringe needle, the solvent flush 
injection technique is employed. The lO-pl syringe is first flushed with
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carbon disulfide several times to wet the barrel and plunger. Three ¿¿1 of 
carbon disulfide are drawn into the syringe to increase the accuracy and 
reproducibility of the injected sample volume. The needle is removed from 
the carbon disulfide solvent, and the plunger is pulled back about 0.2 ¿tl 
to separate the solvent flush from the sample with a pocket of air to be 
used as a marker. The needle is then immersed in the sample, and a 5-fil 
aliquot is withdrawn, taking into consideration the volume of the needle, 
since the sample in the needle will be completely Injected. After the 
needle is removed from the sample and prior to injection, the plunger is 
pulled back a short distance to minimize evaporation of the sample from the 
tip of the needle. Duplicate Injections of each sample and standard should 
be made. No more than a 3% difference in area is to be expected.
(f) Measurement of area: The area of the sample peak is
determined and preliminary sample results are read from a standard curve 
prepared as discussed below.
Determination of Desorption Efficiency
It is necessary to determine the percentage of ethylene dichloride on 
the charcoal that is removed in the desorption process. This desorption 
efficiency is determined once for a given compound provided the same batch 
of charcoal is always used.
Activated charcoal, equivalent to the amount in the first section of 
the sampling tube (100 mg), is measured into a 2-inch long tube, with an 
inside diameter of 4 mm, flame-sealed at one end. This charcoal must be 
from the same batch as that used in obtaining the samples and can be 
obtained from unused charcoal tubes. The open end is capped with inert
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plastic. A known amount of the compound is injected directly into the 
activated charcoal with a microliter syringe, and the tube is capped v/ith 
inert plastic.
At least 5 tubes are prepared in this manner and allowed to stand at 
least overnight to ensure complete adsorption of ethylene dichloride onto 
the charcoal. These 5 tubes will be referred to as the "desorption 
samples". A parallel blank tube should be treated in the same manner 
except that no ethylene dichloride is added to it. The desorption samples 
and blanks are desorbed and analyzed in exactly the same manner as 
previously described.
Two or three desorption standards are prepared for analysis by
injecting the same volume of ethylene dichloride into 0.5 ml of carbon
disulfide with the same syringe used in the preparation of the desorption
samples. These are analyzed with the desorption samples.
The desorption efficiency equals the difference between the average 
peak area of the desorption samples and the peak area of the blank divided
by the average peak area of the desorption standards, or
desorption efficiency ■ area of sample - area of blank
area of standard
Calibration and Standards
It is convenient to prepare standards in terms of mg ethylene
dichloride/0.5 ml of carbon disulfide because samples are desorbed in this 
amount of carbon disulfide. To minimize error due to the volatility of 
carbon disulfide, 20 times the weight can be injected into 10 ml of carbon
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disulfide. For example, to prepare a 0.3 mg/0.5 ml standard, 6.0 mg of 
ethylene dichloride is injected into exactly 10 ml of carbon disulfide in a 
glass-stoppered flask. The density of ethylene dichloride (1.2528 g/ml) is 
used to convert 6.0 mg into microliters for easy measurement with a 
microliter syringe. A series of standards is prepared, varying in 
concentration over the range of interest and analyzed under the same gas 
chromatographic conditions and during the same time period as the unknown 
samples. Curves are established by plotting concentration versus average 
peak area.
Calculations
(a) The weight in mg corresponding to the peak area is read from 
the standard curve. No volume corrections are needed, because the standard 
curve is based on mg ethylene dichloride/0.5 ml carbon disulfide, and the 
volume of sample injected is identical to the volume of the standards in­
jected.
(b) Separately determine the weights of ethylene dichloride on the 
front and reserve sections of the charcoal tube.
(c) Corrections must be made to the ethylene dichloride weights 
determined on both the front and reserve sections for the weights of the 
respective sections of the blank charcoal tube.
(1) Subtract the weight of ethylene dichloride found on the 
front section of the blank charcoal tube from the weight of ethylene 
dichloride found on the front section of the sample charcoal tube to give a 
corrected front section weight.
(2) Subtract the weight of ethylene dichloride found on the
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reserve section of the blank charcoal tube from the weight of ethylene 
dichloride found on the reserve section of the sample charcoal tube to give 
a corrected reserve section weight.
(3) Add the corrected amounts of ethylene dichloride 
present on the front and reserve sections of the sample tube to determine 
the total measured ethylene dichloride in the sample.
(4) Divide this total weight by the determined desorption 
efficiency to obtain M, the total mg per sample.
(d) Convert the liters of air sampled (V) to volume (V') at 
standard conditions of 25 C and 760 mm Hg, as follows:
v * ■ 298VP = 0.392VP
760(T+273) (T+273)
Where:
V* - volume of sampled air in liters at 25 C and 760 mm Hg
V ■ measured volume of sampled air in liters
P ■ barometric pressure in mm Hg, measured at time of 
sampling
T » temperature of air in degree celsius, measured at 
time of sampling
(e) The concentration of ethylene dichloride in the sampled air 
can be expressed in various ways using M, the weight of ethylene dichloride 
obtained in (c)(4), and V', the standardized sample volume, obtained in
(d), as follows:
(1) mg/liter » M/V'
(2) mg/cu m * #ig/l*ter ■ 1,000 M/V*
(3) ppm - 247 M/V'
134
XI. APPENDIX III 
MATERIAL SAFETY DATA SHEET
General instructions for preparing a Material Safety Data Sheet 
(MSDS) are presented in this Chapter. The examples used in the text are 
for illustrative purposes and are not intended to apply to any specific 
compound or product. Applicable information about a specific product or 
material shall be supplied in the appropriate block of the MSDS.
The product designation is inserted in the block in the upper left 
corner of the first page to facilitate filing and retrieval. Print in 
upper case letters as large as possible. It should be printed to read
upright with the sheet turned sideways. The product designation is that 
name or code designation which appears on the label, or by which the 
product is sold or known by employees. The relative numerical hazard 
ratings and key statements are those determined by the guidelines in 
Chapter V, Part B, of the NIOSH publication, An Identification System for
Occupationally Hazardous Materials. The company identification may be 
printed in the upper right corner if desired.
(a) Section I. Product Identification
The manufacturer's name, address, and regular and emergency telephone 
numbers (including area code) are inserted in the appropriate blocks of 
Section I. The company listed should be a source of detailed backup
information on the hazards of the material(s) covered by the MSDS. The
listing of suppliers or wholesale distributors is discouraged. The trade 
name should be the product designation or common name associated with the 
material. The synonyms are those commonly used for the product, especially
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formal chemical nomenclature. Every known chemical designation or 
competitor's trade name need not be listed.
(b) Section II. Hazardous Ingredients
The "materials" listed in Section II shall be those substances which 
are part of the hazardous product covered by the MSDS and individually meet 
any of the criteria defining a hazardous material. Thus, one component of 
a multicomponent product might be listed because of its toxicity, another 
component because of its flammability, while a third component could be 
included both for its toxicity and its reactivity. Note that a MSDS for a 
single component product must have the name of the material repeated in 
this section to avoid giving the impression that there are no hazardous 
ingredients.
Chemical substances should be listed according to their complete name 
derived from a recognized system of nomenclature. Where possible, avoid 
using common names and general class names such as "aromatic amine," 
"safety solvent," or "aliphatic hydrocarbon" when the specific name is 
known.
The "%" may be the approximate percentage by weight or volume 
(indicate basis) which each hazardous ingredient of the mixture bears to 
the whole mixture. This may be indicated as a range or maximum amount, ie, 
"10-40% vol" or "10% max wt" to avoid disclosure of trade secrets.
Toxic hazard data shall be stated in terms of concentration, mode of 
exposure or test, and animal used, ie, "100 ppm LC50 rat," "25 mg/kg LD50- 
skin-rabbit," "75 ppm LC man," or "permissible exposure from 29 CFR 
1910.1000," or, if not available, from other sources of publications such 
as the American Conference of Governmental Industrial Hygienists or the
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American National Standards Institute Inc. Flammable or reactive data 
could be flash point, shock sensitivity, or other brief data indicating 
nature of the hazard.
(c) Section III. Physical Data
The data in Section III should be for the total mixture and should 
include the boiling point and melting point in degrees Fahrenheit (Celsius 
in parentheses); vapor pressure, in conventional millimeters of mercury
(mmHg); vapor density of gas or vapor (air = 1); solubility in water, in
parts/hundred parts of water by weight; specific gravity (water *= 1);
percent volatiles (indicated if by weight or volume) at 70 degrees 
Fahrenheit (21.1 degrees Celsius); evaporation rate for liquids or 
sublimable solids, relative to butyl acetate; and appearance and odor. 
These data are useful for the control of toxic substances. Boiling point, 
vapor density, percent volatiles, vapor pressure, and evaporation are 
useful for designing proper ventilation equipment. This information is 
also useful for design and deployment of adequate fire and spill 
containment equipment. The appearance and odor may facilitate
identification of substances stored in improperly marked containers, or 
when spilled.
(d) Section IV. Fire and Explosion Data
Section IV should contain complete fire and explosion data for the 
product, including flash point and autoignition temperature in degrees 
Fahrenheit (Celsius in parentheses); flammable limits, in percent by volume 
in air; suitable extinguishing media or materials; special firefighting 
procedures; and unusual fire and explosion hazard information. If the 
product presents no fire hazard, insert "NO FIRE HAZARD" on the line 
labeled "Extinguishing Media."
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(e) Section V. Health Hazard Information
The "Health Hazard Data" should be a combined estimate of the hazard 
of the total product. This can be expressed as a time-weighted average 
(TWA) concentration, as a permissible exposure, or by some other indication 
of an acceptable limit. Other data are acceptable, such as lowest LD50 if 
multiple components are involved.
Under "Routes of Exposure," comments in each category should reflect
the potential hazard from absorption by the route in question. Comments
should indicate the severity of the effect and the basis for the statement
if possible. The basis might be animal studies, analogy with similar 
products, or human experiences. Comments such as "yes" or "possible" are 
not helpful. Typical comments might be:
Skin Contact— single short contact, no adverse effects likely;
prolonged or repeated contact, irritation, and cracking.
Readily absorbed through the skin with severe systemic effects.
Eye Contact— some pain and mild transient irritation; no corneal
scarring.
"Emergency and First Aid Procedures" should be written in lay 
language and should primarily represent first aid treatment that could be 
provided by paramedical personnel or individuals trained in first aid.
Information in the "Notes to Physician" section should include any 
special medical information which would be of assistance to an attending 
physician including required or recommended preplacement and periodic 
medical examinations, diagnostic procedures, and medical management of 
overexposed workers.
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(f) Section VI. Reactivity Data
The comments in Section VI relate to safe storage and handling of 
hazardous, unstable substances. It is particularly important to highli}ht 
instability or incompatibility to common substances or circumstances such 
as water, direct sunlight, steel or copper piping, acids, alkalies, etc. 
"Hazardous Decomposition Products" shall include those products released 
under fire conditions. It must also include dangerous products produced by 
aging, such as peroxides in the case of some ethers. Where applicable, 
shelf life should also be indicated.
(g) Section VII. Spill or Leak Procedures
Detailed procedures for cleanup and disposal should be listed with 
emphasis on precautions to be taken to protect workers assigned to cleanup 
detail. Specific neutralizing chemicals or procedures should be described 
in detail. Disposal methods should be explicit including proper labeling 
of containers holding residues and ultimate disposal methods such as 
"sanitary landfill," or "incineration." Warnings such as "comply with 
local, state, and federal anti-pollution ordinances" are proper but not 
sufficient. Specific procedures should be identified.
(h) Section VIII. Special Protection Information
Section VIII requires specific information. Statements such as 
"Yes," "No," or "If Necessary" are not informative. Ventilation 
requirements should be specific as to type and preferred methods. Specify 
respirators as to type and NIOSH or US Bureau of Mines approval class, ie, 
"Supplied air," "Organic vapor canister," "Suitable for dusts not more 
toxic than lead," etc. Protective equipment must be specified as to type 
and materials of construction.
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(i) Section IX. Special Precautions
"Precautionary Statements" shall consist of the label statements 
selected for use on the container or placard. Additional information on
any aspect of safety or health not covered in other sections should be
inserted in Section IX. The lower block can contain references to 
published guides or in-house procedures for handling and storage. 
Department of Transportation markings and classifications and other 
freight, handling, or storage requirements and environmental controls can 
be noted.
(j) Signature and Filing
Finally, the name and address of the responsible person who completed 
the MSDS and the date of completion are entered. This will facilitate 
correction of errors and identify a source of additional information.
The MSDS shall be filed in a location readily accessible to workers 
potentially exposed to the hazardous material. The MSDS can be used as a 
training aid and basis for discussion during safety meetings and training 
of new employees. It should assist management by directing attention to 
the need for specific control engineering, work practices, and protective 
measures to ensure safe handling and use of the material. It will aid the 
safety and health staff in planning a safe and healthful work environment 
and suggesting appropriate emergency procedures and sources of help in the 
event of harmful exposure of employees.
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CONDITIONS CONTRIBUTING TO INSTABILITY
INCOMPATIBILITY
HAZARDOUS DECOMPOSITION PRODUCTS
CONDITIONS CONTRIBUTING TO HAZARDOUS POLYMERIZATION
VII SPILL OR LEAK PROCEDURES
STEPS TO BE TAKEN IF M ATERIAL IS RELEASED OR SPILLED 
NEUTRALIZING CHEMICALS
WASTE DISPOSAL METHOD
VIII SPECIAL PROTECTION INFORMATION
VENTILATION REQUIREMENTS
SPECIFIC PERSONAL PROTECTIVE EQUIPMENT 
RESPIRATORY (SPECIFY IN DETAIL)
EYE
GLOVES
OTHER CLOTHING AND EQUIPMENT
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IX SPECIAL PRECAUTIONS
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XII. TABLES AND FIGURES
TABLE XII-1 
SELECTED PROPERTIES OF ETHYLENE DICHLORIDE









Density of saturated air 













83.4 C (182 F) (760 mm Hg) 
-35.4 C (-31.7 F)
3.42 (air = 1)
1.253 (20 C), (water =
1.000 at 4 C)
0.81g/100g water at 20 C; 
soluble in ethyl ether, 
ethyl alcohol, benzene, 
acetone
I.27 (air = 1)
II.5% by volume at 25 C
6.2 to 15.9% by volume in air
18.3 C (65 F) (open cup)
13.0 C (55.4 F) (closed cup) 
413 C (775 F)






1 mg/liter = 1 g/cu m = 247 ppm 
1 ppm * 4.05 mg/cu m = 4.05 jug/liter
Adapted from references 1,5,6,7
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TABLE XII-2
SIGNS AND SYMPTOMS FOLLOWING FATAL ETHYLENE DICHLORIDE INGESTION
Patient Amount Onset of Progression of
Author Data Consumed Symptoms Signs and Symptoms
Hueper 63-year- 2 oz 2 hrs Nausea; faintness; vomiting;
& Smith old man dazed; cyanotic; dilated
1935 pupils; coarse rales;
[46] weak, rapid pulse; dark
brown liquid stools; 
increased cyanosis; 
pulse and heart sounds 
absent; dyspnea; death 












1 - 1 / 2 -
year-old
boy





Staggering; nausea; vomiting; 
shivering; stupor; temporary 
recovery; resumed vomiting; 
unconsciousness; death 
42 hours after ingestion.
Extreme weakness; comatose; 

























rapid, irregular breathing; 
cyanosis; completely dilated 
pupils; light pulse; heart 
and respiratory failure; lung 
edema; death at least 
10 hours after ingestion.
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TABLE XII-2 (CONTINUED)
SIGNS AND SYMPTOMS FOLLOWING FATAL ETHYLENE DICHLORIDE INGESTION
Patient Amount Onset of Progression of




































8 hours after ingestion.
Confusion; deep sleepiness; 
unconsciousness; vomiting 
with blood; death 24 hours 
after ingestion.
Violent vomiting; painful 
visceral cramps; extreme 
weakness; pale, cyanotic; 
weak, rapid pulse; weak 
heart sounds; rales; dyspnea; 
increased cyanosis and dyspnea, 
and weakening pulse; death 
20 hours after ingestion.
Violent vomiting; cyanosis; 
diarrhea; rapid pulse; 
rales; circulatory failure 
and death 39 hours after 
ingestion.
Epigastric pain; extreme 
dizziness; sleeplessness; 
vomiting; slow pulse; death 
24 hours after ingestion.
Vomiting; epigastric pain; 
fourth day: muscle spasms,
hiccups, pulse 108, no eye­
lid response to light; death 
91 hours after ingestion.
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TABLE XIt-2 (CONTINUED)
SIGNS AND SYMPTOMS FOLLOWING FATAL ETHYLENE DICHLORIDE INGESTION
Patient Amount Onset of Progression of
Author Data Consumed Symptoms Signs and Symptoms
Lochhead 50-year- 30 ml 30 min- Unconsciousness; vomiting,
& Close old man utes cyanosis; dilated, fixed
[54] pupils; pulmonary edema,




Man About 1 hr Collapse; repeated vomiting;
20 ml after 12 hours blue lips,
difficulty breathing; death 
13 hours after ingestion.
Man About 
20 ml







40 ml Slight cough; reddened 
conjunctivae; shock; weak, 
rapid pulse (100); regained 
consciousness after 3 hours; 
hyperactivity alternating 
with semicomatose condition; 





Man 2 hours Violently ill; shock;
cyanosis; pulmonary edema; 
light coma; vomiting and 
diarrhea; low blood pressure; 
severe albuminuria; death 





2 hours Violent vomiting; 20 hours
after ingestion, restlessness, 
tonic-clonic cramps; during 
cramps death occurred 




SIGNS AND SYMPTOMS FOLLOWING FATAL ETHYLENE DICHLORIDE INGESTION
Patient Amount Onset of Progression of





1 sip Vomiting; weakness; pale, 
cyanotic; scarcely con­
scious; vagueness; rapid, 
regular pulse (136); 
blood pressure not measur­
able; died 40 hours after 




1 sip Vomiting; diarrhea; tonic 
spasms; increasing loss of 
consciousness; dyspnea; 
impaired circulation; death 






1 or 2 
sips
Reinfried 23-year- 1 sip 1 hour Dizziness; nausea; uncon-
[60] old man sciousness; vomiting;
cyanosis; no pupil reaction; 
no corneal reflex; dif­
ficult breathing; strong 
motor unrest; death after 
8 hours due to respiratory 
and circulatory failure
Shortly after ingestion 
unconscious; soon regained 
consciousness, strong 
vomiting; period of im­
provement; 10.5 hours 
after ingestion uncon­
scious; blood pressure 
falling; 14 hours after 
ingestion death resulting 
from circulatory failure.
Kaira 3 men, 70, 80, Few Vomiting; weakness; dizzi-
[62] 19-27 and 100 minutes ness; lost consciousness;




SIGNS AND SYMPTOMS FOLLOWING FATAL ETHYLENE DICHLORIDE INGESTION
Patient Amount Onset of Progression of


















50 ml 1 hour
Elevated serum enzymes—  
LDH, SGOT, SGPT, alkaline 
phosphatase, glutamic de­
hydrogenase, RNAase; death 
a few hours after in­
gestion.
Somnolence; vomiting; 
sinus tachycardia (100); 
ventricular extrasystoles; 
return of consciousness 
14 hours after ingestion; 
dyspnea; loss of blood 
pressure; cardiac arrest; 
death 24 hours after 
ingestion.
Somnolent; cyanotic;
4'hours later foul 
smelling diarrhea;
5.5 hours later shock 
of circulatory system; 







15 ml Within 2 hours severe 
headache; staggering; 
lethargy; periodic 
vomiting; blood pressure 
drop; oliguric; in­
creasingly dyspneic, 
somnolent and oliguric; 
ecchymoses ; sinus brady­
cardia; cardiac arrest; 
pulmonary edema; refractory 




SIGNS AND SYMPTOMS FOLLOWING FATAL ETHYLENE DICHLORIDE INGESTION
Patient Amount Onset of Progression of
Author Data Consumed Symptoms Signs and Symptoms
Morozov
[67]
Man Several 30 minutes Vertigo; nausea; vomiting; 
mouthfuls heart sounds slightly
muffled; tachycardia;
17.5 hours later head­
ache; pain in substernal 
region; cyanotic; rapid, 
weak pulse; scattered dry 
rales in lungs; decreased 
blood pressure; vomiting 
with bile; liquid stools; 
subconjunctival hemorrhage; 
oliguric, paranephric 
hemorrhage; 5th day pul­
monary edema; loss of con­
sciousness, and death 3 
hours later.
Bogoyav- 32-year- 8 ml Immediate Burning sensation in mouth,
lenski old man throat, stomach; drank
et al milk and vomited; weakness;
[70] speech retardation;
lethargic; asthenic; cold 
sweat; heart sounds muffled; 
weak and rapid pulse;
22 hours after ingestion 
excitation, restlessness, 
delirium, face flushed, 
coarse, systolic murmur, 
respiratory depression, 
circulatory weakness, 




SIGNS AND SYMPTOMS FOLLOWING FATAL ETHYLENE DICHLORIDE INGESTION
Patient Amount Onset of Progression of













Half 2.5 Unconsciousness; vomiting
glass hours of dark vomitus; regained
consciousness after 12 
hours, burning sensation in 
digestive tract; dyspnea; 
nausea; cyanosis; respiratory 
rate 32/minute; moist rales 
in lungs; heart sounds 
muffled; pulse 102; 
extrasystoles; anuria; 
death 19 hours after 
ingestion.
"Large Vomiting; unconsciousness;
quantity" regained consciousness 3
hours later; cyanosis; 
almost no pulse; loss of 
consciousness again and 
death 12 hours after in­
gestion.
Glass Vomiting, weakness, stomach
pains; admitted to hospital 
on 3rd day with cyanosis, 
restlessness, tongue coated, 
dry; frequent liquid stools 
with blood; abdomen painful, 
on palpation; liver enlarged, 
dry and moist rales; rapid, 
weak pulse; anuria; increas­
ing cyanosis; unconsciousness 
and death on 3rd day 
after ingestion.
150-200 3-4 Symptoms not reported;




ETHYLENE DICHLORIDE IN AN AIRCRAFT FACTORY BY OPERATION







No,.* % Total No 
Worktime
.* % Total No 
Worktime
.* % Total No 
Worktime
.* % Total 
Worktime
%
11-20 15 3.7 0 1 0.05 9 7.09 10 7.14 7.14
21-30 25 6.2 5 0.81 13 0.63 9 7.09 27 8.53 15.67
31-40 35 8.6 3 0.49 17 0.83 16 12.61 36 13.93 29.60
41-50 45 11.1 3 0.49 16 0.78 25 19.70 44 20.97 50.57
51-60 55 13.6 9 1.46 27 1.31 18 14.19 54 16.96 67.53
61-70 65 16.1 9 1.46 27 1.32 8 6.30 44 9.08 76.61
71-80 75 18.5 10 1.63 13 0.63 7 5.52 30 7.78 84.39
81-90 85 21.0 11 1.79 13 0.63 0 24 2.42 86.81
91-100 95 23.5 7 1.14 9 0.44 0 16 1.58 88.39
101-110 105 25.9 8 1.30 5 0.24 0 13 1.54 89.93
111-120 115 28.4 4 0.65 1 0.05 0 5 0.70 90.63
121-130 125 30.9 9 1.46 3 0.15 0 12 1.61 92.24
131-140 135 33.3 4 0.65 4 0.19 0 8 0.84 93.06
141-150 145 35.8 4 0.65 2 0.10 0 6 0.75 93.83
151-160 155 38.3 7 1.14 0 0 7 1.14 94.97
161-170 165 40.8 3 0.49 3 0.15 0 6 0.64 95.61
171-180 175 43.2 3 0.49 0 0 3 0.49 96.10
181-190 185 45.7 7 1.14 0 0 7 1.14 97.24
191-200 195 48.2 13 2.11 0 0 13 2.11 99.35
201-210 205 50.6 4 0.65 0 0 4 0.65 100.00
totals 123 20.00 154 7.50 92 72.50 369 100.00
TWA, Mg/liter 114.5 66.1 44.4 60.05
TWA, ppm 28.3 16.3 11.0 14.8
Derived from Kozik [105]
*No. = number of samples
TABLE XII-4
ETHYLENE DICHLORXDE INHALATION 




































of blood pressure and devel­











changes in repolarization 
phase, decreased arterial 
pressure, increased venous 
pressure.
Rabbits: Slight hemato­
logic and bone marrow 
changes.
Rabbits: Marked progressive
anemic responses with changes 
in blood parameters and bone 
marrow, reduction of leuko- 
lipid levels, no changes in 















Rabbits: Impairment of liver
function determined by serum 
protein electrophoresis, BSP 
retention, colloidal lability 






ETHYLENE DICHLORIDE INHALATION 









3,000 2 hr/day 
5 days/wk 
1 week
Rabbits: liver and kidney 









Rabbits: Severe damage of 
kidneys and impaired kidney 
function especially degenera­




3,000 7 hours Lethal for various animal 
species, all animals showed 
narcosis, lacrimation and 
dyspnea;pulmonary congestion, 
fatty degeneration of liver 





1,500 7 hr/day 
6 days
Lethal for most animals
of 4 species. Similar findings




1,000 7 hr/day 
2 days
Death within 20 days for 5 
species, pulmonary congestion, 
renal tubular degeneration, 
fatty liver degeneration, 
occasional hemorrhage of the 





500 6 hr/day 
5 days/week 
17 weeks
Various species, high mortality, 
cats and dogs heart dilations 
and lung hyperemia, 
rats lipid nephrosis and fat ac­




400 7 hr/day 
5 days/week 
17 days
High mortality in five 
species, slight fatty de­
generation of the liver and 
kidney and diffuse myocarditis.
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TABLE XII-4 (CONTINUED)
ETHYLENE DICHLORIDE INHALATION 









400 7 hr/day 
5 days/week 
5 weeks
Various species high mortality, 
rapid loss of body weight, 
increased weight of liver and 
kidneys, fatty liver de­





200 7 hr/day 
5 days/week
Increased mortality in five 
species, loss of weight, 
crusting about the eyes, mild 
pulmonary congestion, calci­
fication of adrenal medulla 





200 7 hr/day 
5 days/wk 
180 days
Various species, loss of body 





100 7 hr/day 
5 days/wk 
4 months
Successful breeding in 





100 7 hr/day 
5 days/wk 
226 days
Various species, in guinea 
pigs, loss of body weight 




100 6 hr/day 
5 days/week 
17 weeks
Various experimental animals 




























15 25 35 45 55 65 75 85 95 105 115 125 135 145 155 165 175 185 195 205
pg/liter range
FIGURE XII-1. Relative Frequency of Ethylene Dichloride 
Concentrations in an Aircraft Factory 
(Derived from Kozik [105])
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20 30 4 0  50 6 0  70 10 90  100 110 110 130 HO ISO 160 170 ISO 190 2 0 0  210
ETHYLENE DICHLORIDE CONCENTRATION,¿ig/liter
FIGURE XII-2. Percentage of Total Exposure Associated with 
2 Operations in an Aircraft Factory 
(Derived from Kozik [105])
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